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AKS1KA( I 


A preliminary study was made of the potential for geothermal direct 
heat use in Arizona, California, Hawaii, and Nevada (Federal Region IX). 
The analysis for each state was performed by a different team, located 
in that state. For each state, the study team was asked to: 

(1) Define the resource, based on the latest available data. 

(2) Assess the potential market growth for geothermal energy. 

(3) Estimate the market penetration, projected to 2020. 

Each of the four states of interest in this studv i;> unique in its 

own way. Rather than impose the same assumptions as to growth races, 

capture rates, etc. on all of the study teams, each team was asked to 

use the most appropriate set of assumptions for its state. The results, 

therefore, should reflect the currently accepted views within each state. 

» 

The four state reports comprise the main portion of this document. 

A brief regional overview section was prepared by the Jet Propulsion 
Laboratory, following completion of the state reports. 


FORtlWORD 


The work documontod by this report was performed by a team of 
analysts from each I'f the fiuir states in Region IX. The principal con- 
tributors are listed below, as well as the agencies which provided much 
of the data. The work was coordinated by the Energy Systems Analysis 
Group, Jet Propulsion Laboratory, California Institute of Technology, 
for the Office of the Regional Representative, Region IX, and the 
San Francisco Operations Office, Department of Energy. Overall direction 
of the work was the responsibility of Shanm Sellars v)f the Department 
of Energy. The regional summary section was prepared by William Powell 
and Ken Tang of the Jet Propulsion Laboratory. 
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SECTION I 


EXECUTIVE SUMMARY 

A preliminary study was made of the potential for geothermal direct 
heat use in Arizona, California, Hawaii, and Nevada (Federal Region IX). 
The analysis for each state was performed by a different team, located 
in that state. For each state, the study team was asked to: 

(1) Define the resource, based on the latest available data. 

(2) Assess the potential market growth for geothermal energy. 

(3) Estimate the market penetration, projected to 2020. 

Each of the four states of Interest in this studv is unique in Its 
own way. Rather than impose the same assumptions as to growth rates, 
capture rates, etc. on all of the study teams, each team was asked to 
use the most appropriate set of assumptions for its state. The results, 
therefore, should reflect the currently accepted views within each state. 

The four state reports comprise the main portion of this document. 

A brief regional overview section was prepared by the Jet Propulsion 
Laboratory, following completion of the state reports. 

At doe's direction, the document entitled Regional Hv^rotliermal 
Market Penetration Analy sis - Rocky Mo^i^aJji, an^ Hjasin an d_ Range 
Region, by EG&O Idaho, Inc., was used as a baseline for this work. 

The findings of this preliminary study are summarized below: 

(1) Potentially economical hydrothermal resources exist in all 
four states of the Region; however, the resource database 
is largely incomplete, particularly for low-to-moderate 
temperature resources. 

(2) Existing industrial and population concentrations are co- 
located with identified hvdrothermal resources onlv in some 
cases, such as Maricopa and Pima Counties In Arizona, 

San Diego and Imperial Counties in Ckalifornia, (Uark and 


Washoe Counties In Nevada, and Honolulu and Hawaii Counties 
in Hawa 11, for examp I e . 

(3) Where co-location does not occur at present, future market 
penetration will depend upon economic and other factors which 
may motivate redistribution of the existing concentrations 

of Industry and population. If this occurs, the Impact on 
geothermal market penetration may be very significant. 

(4) In terms of beneficial heat, the total hydrothermal resource 
identified so far for the fiuir states Is on the order of 43 
Quads, including an estimated 34 ijuads of high temperature 
(T > 150^'c) resources which are suitable for direct as well 
as electrical applications. 

(5) Based on assumptions which are unique to each state report, 
the estimated market penetration (or capture) of direct 
applications of geothermal energy in the Region may be on 
the order of 0.02 l)tiad in 1985, 0. 19 Quad in 2000, and 
0.45 Quad in 2020.* 

(6) In California, Hawaii, and Nevada, the industrial market 
sector has somewhat greater potential fi>r penetration than 
the resident ial /commercial sector. In Arizona, however, the 
situation is reversed, dtje to the colocation of two major 
metropolitan areas (Phoenix and Tucson) with potential 
geothermal rest^urces. 

The role of the .let Propulsion Laboratory in thi.s preliminary 
study was that of coordination and cc^mpi lat ion . Responsibility for the 
projections contained In this report rests with the state study teams. 

It is recommended that a more comprehensive treatment be given to the 
method and assumptions to be used in any future regional market pene- 
tration study. 


*As a point of reference, the total industrial, residential, and 
commercial energy use in 1975 for Arizona was 0.402 Ouad. 
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SECTIOH II 


IHTRODUCTiaN 

Th« davalopment of donestic energy sources tu de':rcese dependence 
on foreign gas end petroleua Is e current Aaiericar. pc I icy Oo- 

thermal energy resources are an attractive alternative because they are 
readily available In many parts of the country, their application can 
efficiently replace fuel consumption, their development appears less 
environmentally . objectionable than other energy sources, and the current 
state of technology is sufficient for development. Ai» a part of its 
effort toward the national goal, the Division of the Geothermal Resource 
Manager (DGRM) of the U.S. Department of Energy has undertaken a program 
to stimulate commercial development of geothermal energy. This report 
presents an assessment of the market for direct heat (nonelectric) 
applications of geothermal energy in DOE Region IX, consisting of 
Arizona, California, Hawaii, and Nevada. This work supports the DOE 
commercialization program by identifiying the market sectors best suited 
to geothermal direct heat use a..d by providing a baseline for more 
detailed or site-specific market studies to follow. 

SCOPE 

The purpose of thJ.s preliminary study is to indicate the potential 
of geothermal direct heat applications in DOE Region IX for regional 
planning purposes and to provide a current assessment of resources and 
markets for direct heat applications. Independent teams were responsible 
for the analysis within each of the states. The scope of the state efforts 
differed somewhat because the Arizona and Nevada studies basically updated 
previous work published by the New Mexico Energy Institute and EG&G Idaho, 
while the work in Hawaii and California was more of an initial effort. 


This study encompasses the following tasks: 

(1) Resource Definition: Identlfic tion of resource siteii 

suitable for geothermal direct heat applications and estima- 
tion of the beneficial heat available, where possible. 

(2) Market Pocential; The amount of energy used as heat rather 
than mechanical work which could be supplied by geothermal 
resources, assuming suitable resource temperatures. The 
consumers of this thermal energy — Industries with process 
heat requirements and heated or cooled buildings — constitute 
a market where geothermal energy can be sold. The consump- 
tion of thermal energy is expected to increase with time, 

as with population, so the growth of the potential market is 
projected to the year 2020. 

(3) Market Penetration: The amount of energy which will be 

supplied to the potential market of thermal energy consumers 
from the geothermal resource base. This is also projected 
to the year 2020. Penetration estimates are intended to 
reflect which energy consumers are likely to use geothermal 
heat in the near term, which in the long term, and which 
are unlikely to use geothermal heat. Penetration depends 

on the prices and stability of supply of competing energy 
sources such as fuels, ami on the costs of deveh)ptng geo- 
thermal systems. 

The market of heat consumers is divided into two sectors — the 
residential/commercial sector which requires heat for space conditioning 
and hot water, and the industrial sector which uses process heat. The 
contribution of individual industries within the sector is also Included. 
Agricultural heat use was included as a separate sector in the California 
study. It was originally proposed to include military reservations, 
with their space conditioning and water heating needs, as a sector. Data 
on the thermal energy consumption at military facilities was not readily 
available, however. Por reference, military facilities which are located 
near prospective geothermal sites are listed in Tabic 2-1. The four state 
reports are included in the present document for ease of refeience. 
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T«bl* 2-1. Mllitavy Facllitia* B**r Poveible R«»ource Sites 


Arizona 


California 


Hawaii 

Nevada 


Davis-Monthan Air Force Base 
Luka Air Force Base 
Hillcox Bosdilng Range 
Mil Haas Air Force Base 
Yuma Proving Ground 

China Lake Naval Weapons Center 
El Centro Naval Air Station 
Marine Corps Air Station (Imperial County) 
Fort BidweXl 

National Parachute Test P.ange 
Norton Air Force Base 
Twenty-nine Palms Marine Corps Base 

Pearl Harbor facilities 

Fallon Naval Air Station 
Nellis Air Force Base 
Naval Amimnition Depot at Babbitt 
Mercury, Nevada Test Site 
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SECTION 111 


REGIONAL OVERVIEW 


A. RESOURCE OVERVIEW 

The latest USGS national summary (Circular 790) of hydrothermal 
convection systems with temperatures greater than 90°C shows a total 
identified resource of approximately 400 ± 60 Quads. When converted to 
beneficial heat,* the total would be about 92 ± 20 Quads ( 50 t 7 Quads 
from hot water over 150°C and 42 ± 13 Quads from hot water between 90°C 
and 150°C). For the four states in Region IX, Table 3-1 shows a total 
beneficial heat of approximately 38 Quads, based on the same data source. 

The results of this preliminary study are shown in Table 3-2, 
based on the individual state reports. The total beneficial heat is 
approximately 43 Quads, or 5 Quads higher than the previous table. 

Higher values reported for Arizona and Nevada account for the difference. 
A significant amount of energy from the under-90^C rv sources was reported 
for these two states, whereas no quantitative data for this temperature 
range was available from USGS Circular 790. As noted, the estimates 
for Arizona could be increased by another 5 to 6 Quads if the assumption 
regarding zero recharge were to be modified (see discussion in Arizona 
Report, Part A). 

Table 3-1. Beneficial Heat*- Based on USGS 
Circular 790 Data (1978) 

(1 Quad = 10*5 jjtu) 


°c 

AZ 

CA 

HI 

NV 

E Region 

T > 150 

0.06 

26.53 

0.45 

6.48 

33.52 

90 - 150 

0.21 

1.92 

- 

2.03 

4.16 

T < 90 

- 

- 

- 

- 

- 

Total Quads 

0.27 

28.45 

0.45 

8.51 

37.68 

*Beneflclal heat 

= energy 

at wellhead 

; X utilization factor (0.24) 


(Ref. USGS Circular 790) 
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Table 3-2. Beneficial Heat - Eased on State Reports 


°c 

AZ* 

CA 

HI 

NV 

Z Region 

T > 150 

0.05 

26.53 

0.45 

6.97 

34.00 

90 - 150 

0.49 

2.11 

- 

3.77 

6.37 

T < 90 

0.97 

- 

- 

1.38 

2.35 

Total Quads 

1.51 

28.64 

0.45 

12.12 

42.72 


*E8tiinates for Arizona based on zero recharge. With recharge, total 
for Arizona could be Increased to approximately 7 Quads. 

Since no data was reported for under-90°C resources in California 
and Hawaii, and also for 90-150°C resources in Hawaii, it seems reason- 
able to expect that the total for Region IX could be even higher than 
shown, as more data become available. 

Resources in the over-l50”c range are usually considered only for 
electrical generation. However, we have included such resources in the 
above tabulations because they are also suitable for direct heat 
appl ications. 

B. MARKET OVERVIEW 

A summary of the estimated market penetration in each of the four 
states is given in Table 3-3 for 1985, 2000, and 2020. Market sectors 
consist of residential /commercial (space conditioning and water heating) 
and industrial (process heat). The agricultural sector was included for 
California only. 

Within each state, a few key counties have the major share of the 
total estimated market capture. Table 3-^ shows the estimates for three 
key counties in each state. These 12 counties represent some (but not 
all) of the most likely areas for the commercial development of hydro- 
thermal energy in the Region, based on the matching of resource and 
demand projections. 
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Table 3-3. Region IX Hydrotbrnoal Forecast By State - 
Estlaated Market Capture in Btu x lO^^/Year 


State 

1985 

2000 

2020 

Arizona 

ReBid./Coiw. 

16.0 

104.3 

253.0 

Industrial 

0.6 

3.1 

8.7 

Total 

16.6 

107.4 

261.7 

Cal if ornla 

Rea id. /Conan. 

1 A 

18.8 

34.6 

Industrial 

1.6 

23.4 

63.5 

Agricul tural 

0.1 

0.9 

2.2 

T o t ii 1 

3.1 

43.1 

100.3 

Haw.i i 1 

Re a id, /Comm. 

0 

3.3 

19.3 

Industrial 

1.5 

!4.2 

21 .6 

Total 

1.5 

19.5 

40.9 

Nevada 

Res id . /Comm. 

0.4 

2.6 

25,6 

Industrial 

1.5 

18.9 

25.5 

Total 

1 .9 

21.5 

51.1 


Regional 


Res Id. /Comm. 

17.8 

131.0 

332.5 

Industrial 

5. 1 

60.5 

121.5 

Total 

23.1 

191.5 

454.0 
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Table 3-4. Estiiaated Hydrothermal Market Capture In 

12 Counties Of Region IX (Btu x IQl^/Year) 


1985 2000 2020 


State 

County 

R/C 

Total 

r 

Total 

R/C 

Total 

Arizona 

Maricopa 

8.8 

9.1 

./ .0 

00 

138.4 

143.7 


Pima 

3.2 

3.3 

21.0 

21.4 

50. d 

52.2 


Pinal 

O.ti 

0.7 

4.0 

4. 7 

9.6 

11.6 

California 

San Diego 

0.42 

0.54 

11. 1 

16.1 

19.4 

39.5 


Imperial 

0.08 

0.54 

0.61 

6.5 

1.36 

15.7 


San Bernardino 

0.07 

0.44 

0.52 

4 . 6 

1.02 

9.7 

Hawaii 

Honolulu 

0 

0 

4.2 

7.8 

14.8 

22.9 


Hawa i i 

0 

1.51 

0.54 

7.2 

2.0 

9.3 


Maui 

0 

0 

0.56 

4.5 

1 .6 

5.8 

Nevada 

Clark 

0.13 

0.56 

0.82 

6.2 

8.1 

15.4 


Washoe 

0.20 

0.50 

1.33 

5. 1 

13.2 

18.2 


Carson City 

0.03 

0.09 

0.20 

1 .06 

2.1 

3.3 

Tlie e 

stimates containi'd in 

fables 1- 

1 and 5 

-4 were 

t akiui diri'ctlv 

from Llu‘ state reports. The 

valui 

.‘s lor Ar 

izona s 

howai in 

Tabh' 1 

-4 wi-re 

computed by 

the study team. 

It may be luU 

eil that 

the Arizona es 

t i ma t e s 


l or tlu' rosidont ial/comniori- fal (K/C) soolor ari' oons idi-rahl v lar>;i-r 
than the otlior statos. Tlu> oxplanat ion lor this is that Arizona is tho 
only wostorn state wliore two major mi-t ropol i t an areas and two potential 
geotliermal resourees are eont i >;uous . Key assumi't ions tor Arizona 
Inelnde a 4 percent per vear compounded urowt li rate tiir I’opulation as 
well as tor enery.y use in the res ident ial /conmu’rc ia 1 sector. Market 
penetration ior process lieat is assunu'd to In- 10 percent of new )»rowlli, 
and for the res ident ial /commerc i al market, 20 percent of new growth. 
Kxcluded from the industrial energy demand are the mining indust rv's 
process energy requirements and industrial demand for space cond i t ion ing. 
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Potential agricultural and aquacultural applications were also omitted. 

It was assumi'd that space cooling is feasible with moderate temperature 
geothermal heat. Retrofit of existing industrial facilities for process 
heat was assumed to occur at a rate of one percent per ear beginning in 
1980, not to exceed 25 percent of the 1980 nuirket. For the space 
conditioning market, retrofit was assumed to occur at a rate of one percent 
per year beginning In 198 J, not to exceed 25 percent of the 1983 market. 

In contrast to Arizona, the Industrial sectors In the otlier three 
states generally exceed the resident lal/commerc ial sectors in terras of 
the total estimated market capture, as Is shown In Table 3-3. Some of 
the more Important assumptions made for the other states are highlighted 
be 1 ow . 

1. California - Res ident lal /Commerc ial Sector 

Ihree nuajor factors altect the rate and timing of market penetra- 
tion within the residential and commercial secti’rs: 

(1) Temperature of resource. 

(2) Dependency on I.Pi:. 

(3) Density of the pi>pulat ion. 

The teiiiper.ituie id ,i resource within a luninty was ust.d as proxy 
for estimating the start oi commerc ial izat ion. That Is, If a county has 
any high- or nied ium-temper.it ure (i.e., greater than 90‘’c) . penetration 
was assumed to begin in 1^80 because this d.ite reflects existing explora- 
tion, dev’olopment , anil product ion activities that are normally associ- 
ateil witli these resourci-s aiul that can idfect a Itigher probability of 
early commercial i. 'at ion. If a countv has 1 1 'w-temperat ure resources 
(.I.e., less than 9o\;) only, commerc i.il iz.it ion .mil penetration were 
assumed not to begin until 1985. 

One quarter of the counties with geotherma 1 -resource potential 
have no natural gas service and must depend on l-Ptl . If the residential 
.md commercial establishments within .i county depend on LPC, it was 
assumed that geothermal energy would not replace these existing energy 
sources because the use of l.Pt: implies impulation density insufficient 


to support an economic steam-dlstrlbutlon system. Consequently, geo- 
thermal energy will probably not be competitive in the residential/ 
commercial sector in these counties. 

The density of population in a county was used to determine the 
near-term possibilities for district heating and the speed which know- 
ledge, acceptance, and use of the geothermal energy would occur.* It 
was assumed that counties having high population densities will experi- 
ence a development phase lasting 5 years and a rapid-growth phase lasting 
10 years. Contrastingly, counties having low-population densities will 
experience a development phase lasting 8 years and a rapid-growth 
period lasting 15 years. The remaining years until 2020 will be in the 
mature-growth phase. Annual penetration rates were the same for all 
counties; one percent per year for the development phase, two percent 
per year for the rapid-growth phase, and one percent per year for the 
remaining period.** 

2. California - Industrial Sector 

Penetration of the industrial sector was assumed to begin in 
either 1980 or 1985, depending on the temperature characteristics of 
the resources in a county. The development phase for industry was 
assumed to be 8 years, a duration of time reflecting the concerns of 
industry executives about the technical and economic feasibility of 
using geothermal energy. For example, unccrtaint ies over the purity 
and reliability of the fluid will need to be clarified. 

The annual penetration rates during this time period was assumed 
to be two percent. Annual penetration rates during an estimated 15-year 
rapid-growth phase will be 4 percent, an assumption which reflects 


* Average population density of the 20 counties (i.e., 54.4 people per 
square mile) was used as the determining factor. 

**In forecasting demand, major gas and electric utilities use one per- 
cent per year as the average projected growth in housing stock during 
the 1976-1998 time period. 
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estimates of the percentage of annual turnover of capital equipiaent 
used for fuel-burning equipment and of the percentage of retrofit appli- 
cations. Penetration during the mature-growth phase will be two percent 
per year. 

3. Nevada - Residential/Coaimercial Sector 

To obtain the estimates of the amount of energy captured by geo- 
thermal development in the various communities, a "Capture Fraction" 
was used. The numerical values assigned to these fractions were devel- 
oped logicallly, but not without a considerable amount of considered 
judgement applied to Insure reasonable results. The fractions used are 
shown in Table 3-5. 

To develop these fractums, optimistic but realistic values for 
1985 were estimated. The 1985 fractions where then used to compute the 
fractions for 2000 and 2020 by assuming 10 percent annual growth in 
the capture rates through 2020. 

The capture fractions were used as multipliers to convert the 
estimates of potential grothermal space and water heating (Table III of 
Che Nevada Report) into esti,. .es of expected geothermal energy use. 


Table 3-5. Capture Fractions (%) For Nevada 


Geothermal Potential 

1973(3) 


1985 

2000 

2020 

Nil 

0 


0 

0 

0 

Low 

0 


0.50 

2.09 

14.05 

Moderate 

0 


1.00 

4.18 

28.10 

High 

0 


1.50 

6.27 

42.43 

^^\n 1975, very little 

geot'nermal energy 

was utilized outside of the 

Truckee Meadows (Reno/Sparks) which had a captive fraction of approx- 

imately 1/8 of 1 percent (for Reno) , 
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A subjective judgement was made to determine vhich communities 
could expect high, moderate, low or negligible geothermal development. 
The factors considered in arriving at this determination include: the 

tempcsrature, size and depth to resource and proximity to the resource. 
Thus, a city such as Reno received a high rating because of its proxim- 
ity to a hot, large, shallow geothermal resource (Steamboat-Huf faker 
and Moana) . A town such as Searchlight in southern Nevada, which is 
14 kilometers from a well with 31°C water, was assigned a negligible 
(Zero) captive fraction. 

Table VIII of the Nevada Report lists the estimated geothermal 
penetration of the residential and commercial sectors for the counties 
and communities. 

4. Nevada - Industrial Sector 

Residential and commercial growth are projected to be largely in 
existing communities. On the other hand, industrial growth will be in 
communities where existing (1975) industry is located, and secondly, 
where significant savings can be realized right at a geothermal resource 
site. 

The basic assumptions for the estimates of the industrial market 
penetration analysis are: 

• The bulk of the new high energy-use industry, between 1985 
and 2020, will be attracted by, and locate in close proxim- 
ity to, high and intermediate temperature geothermal 
resources. 

• Light industry will continue to locate near population cen- 
ters, but will favor those communities offering geothermal 
energy. 
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Specifically, It was assuraad for this study that: 

(1) Geothemal energy use penetration was nil in 1975 for all 
counties, but statewide it is projected to be: 



Percentage 

12 

10^^ Btu 

Year 

Penetration 

1985 

5 % 

1.533 

2000 

20 % 

18.857 

2020 

50 % 

25.517 


(2) Fifty percent of the geothermal capture is assumed to be in 
the cities and larger communities presently existing, regard- 
less of geothermal use potential. Estimated capture by 
county is assumed to be in proportion to population. 

(3) Fifty percent of the geothermal capture is assiuned to be in 
those counties where the geothermal resources presently 
exhibit the greatest potential. The geothermal resource 
potential is based on the weighted potential of the high, 
intermediate and low temperature resources in each county. 

5. Hawaii - Industrial Sector 

Potential market growth was derived through a combination of fore- 
casting projection based on the state of Hawaii's Department of Planning 
and Economic Development projections for energy demands, population, and 
tourism and industry surveys. 

Industrial growth rates were developed for each of the SIC cate- 
gories from company interviews, industry projections, and state projec- 
tions. Growth projections were made on an annual compounded rate for 
the periods 1985-2000 and 2000-2020. These figures were not adjusted 
for efficiencies that might occur due to rapidly rising energy costs. 

The sugar factories were not expected to show growth Foreign 
competition has depressed the price of sugar and many companies are 
looking for alternative uses of the land. Historical data indicates 
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that the Industry Is consolidating and that a nuaber of smaller ineffi- 
cient factories have been shut dovn. Countering these trends is the 
increasing value of sugar by-products such as electricity generation. 

The other two large energy SIC categories, refinery and cement, 
were given growth rates based on company projections. Food processors 
and agriculture processors, other than sugar, were given growth rates 
equal to population projections. In construction related industries, 
growth rates were based on projected construction activity in the housing 
and tourism Industries. 

The potential geothermal market growth was projected to be lower 
than the general growth for industry. This reflects the no-growth 
trend of the sugar factories' energy consumption. Where the sugar 
factories were subtracted out of the data, the potential geothermal 
growth rate is higher than the growth rate for Industry in general. 

This can be expected as new industries locate near geothermal resources. 
It was assumed that in-place industries would not relocate to geothermal 
resources. Also assumed was a continuation of Hawaii's pattern of 
attracting smaller scale industrial processes rather than large 
manufacturers. 

It should be noted that if the State is successful in attracting 
an energy intensive process such as manganese nodules or aluminum 
refinery that the industrial energy growth rates and geothermal growth 
rates would change dramatically. For example, a three product manganese 
nodule plant requires 150 MW capacity and a four product plant or alumi- 
num refinery requires a 300 MW capability. However, as previously 
stated, it was assumed that these industries would not locate in Hawaii 
for a number of non-energy reasons. 

The market capture potential estimates were developed on a county 
basis. Present plans indicate that the earliest possible direct appli- 
cation of geothermal to be 1983. All co-located sugar plants are pro- 
jected to convert to geothermal by year 2000. Other major retrofit 
applications were projected to start in 1985 in Honolulu at the Campbell 
Industrial Park. By the year 2000, a 20 percent retrofit is estimated. 
All other retrofit is projected at a rate of 1 percent per year until 
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the ye«r 2020. Kauai County's ratrofit is not projactad to start until 
yaar 2000, becausa of tha currant size of its population and consnarcial/ 
Industrial base. However, for Hawaii, Honolulu, and Maui, geotharaial is 
projected to capture 50 percent of new growth beginning in the year 1985 
and starting in 2000 for Kauai. These rates were assumed constant 
through year 2020. 

6. Hawaii - Resldentlal/Conmerclal Sector 

Growth rates for R/C were based on energy use projections by the 
State Department of Planning and Economic Development based on per capita 
consumption, population growth, and tourism growth. Over time, these 
rates decline. Population growth for the State declines from a high of 
1.87 average annual percentage growth in the 1977 to 1980 period to a 
low of 1.05 percent in the 2000 to 2005 period. This growth rate was 
assumed to continue through year 2020. These forecasts assume a middle 
fertility level of 2.1 births per woman. The State's economy, growth 
rate, and commercial activity is very dependent on the tourism industry. 
State projections for tourism growth starting at 7 percent per annum 
in the 1977 to 1979 time frame and declining to 1 percent in the 1996 to 
2000 period. 

The State's projections assume a constant growth rate of 4 percent 
for electricity generation. This rate includes a growth in per capita 
energy consumption. The projections also assumed a continuing depen- 
dence on petroleum products and did not consider the importance of 
alternative energy sources. 

New discovery factors were not applied to potential geothermal 
growth since all major population, commercial, and Industrial areas of 
the State are located within potential geothermal market areas. Several 
sugar factories are not in these areas and new discoveries within this 
area (which cannot be predicted at this time) would increase the poten- 
tial growth. 

Potential capture for R/C was based on an assumed 1 percent per 
year retrofit rate for all counties beginning in 1990 for Hawaii, 
Honolulu, and Maui, and 2005 for Kauai. Starting in 1985, step Increases 


for new growth In Hawaii, Honolulu, and Maul ware estimated to a naxlnum 
of 30 percent of the new growth by 2000, Kauai's capture of new growth 
Is assumed to start In 2000 up to a maximum of 30 percent by 2015. 

C. PREVIOUS WORK 

This section describes previous geothermal resource and market 
assessment studies. Included are studies which have influenced the 
current effort or which address related topics. The section is organized 
into the following subsections: Regional Market Assessment, Resource 

Assessment, and Direct Heat Applications and Developi^nt, 

No attempt has been made to present a comprehensive bibliography. 
Studies of geothermal energy have been undertaken by Federal, State, 
local, and private entities, but the resulting information is often 
not widely distributed nor easily available. Undoubtedly, reports and 
research projects related to the work at hand have not been included; 
however, a thorough search of the available information was beyond 
the scope of this project. 

1. Regional Market Assessment 

Two studies have estimated the geothermal resource and market 
potential for multi-state regions which include two DOE Region IX states: 
Arizona and Nevada. An overview of the market potential in a 10 state 
region was prepared by EG&G Idaho, Inc. and the Earth Science Laboratory 
of the University of Utah Research Institute (UURI). More detailed 
market and ii-source assessments for parts of the region have been pro- 
duced from the continuing Regional Geothermal Operations Research Program 
of the New Mexico Energy Institute (NMEI) of the New Mexico State Uni- 
versity. The EG&G Idaho/UURI work served as a starting point and a 
pattern for the present effort. 

The EG&G/UURI report, titled Rocky Mountain, Basin and Range 
Regional Hydrothermal Market Penetration Analysis , included both elec- 
tric and direct heat applications but treated each distinctly. Two 
heat-consuming sectors were considered: the residential/commercial 
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sector with heat used primarily for apace conditioning and water heating, 
and the industrial sector, with requirements for process heat. The 
growth in heat consumption by these two sectors was projected to the 
year 2020. Finally, the quantity of heat expected to be supplied by 
commercial geothermal development was computed for the period from the 
present to 2^'^0, based on several regional assumptions. 

Some of the assumptions and methods used in the R.M.B.R. Analysis 
are worth mention here because they profoundly affect the results of 
that study. Information was presented at the county level of detail, 
but the R.M.B.R. report did not consider individual sites and markets; 
colocation was assumed in any county having both resources and heat 
consumers. State directories of manufacturers were cited as the source 
for identifying heat-consuming industries, but such directories are often 
far from complete. Energy use by heat consuming industries was computed 
from a set of coefficients derived by Rocket Research, Inc. These 
coefficients, however, were developed from studies of facilities in the 
Northwest, and may not accurately reflect energy use by industries in 
Southwestern states Arizona and Nevada. The market projections for both 
consumer sectors include a 3 percent annual increase in energy consump- 
tion by each consumer, and the market growth in the industrial sector 
includes an increase of 5 percent of the market per year which is assumed 
to represent growth stimulation due to geothermal development. A single 
set of assumptions was used to estimate market penetration by geothermal 
energy, so differences in the availability of various energy sources 
within each state were not considered. 

The assumptions used in the R.M.B.R. Analysis are described here 
for reference. A maximum of 25 percent of the Inli lal market was assumed 
to retrofit to geothermal energy at a rate of 1 percent per year for a 
period of 25 years. A constant fraction (80 percent for industrial, 

70 percent for residential and commercial) of new facilities constructed 
after 1985 Is assumed to use geothermal heat. These fractions are 
assumed to increase from zero linearly with time during the period 1980 
to 1985. 

The Regional Geothermal Operations Research Program of the New 
Mexico Energy Institute is an ongoing effort of several years duration. 
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The NMEl work is therefore »o«cwhet more refined end thorough than the 
EG&G Idaho/UURl report. The program includee technical, econewie, legal, 
and institutional analysis c.f geotheneal develoonent . The NKEI main- 
tains a database with resource sites and characteristics, population 
centers, industries, fuel prices and growth rates, and the MMEI has 
developed computer algorithms for estimating the Internal rate of 
return of geothermal developments, identifying colocated resources and 
population centers, and projecting future market size. For an overview 
of the organization and scope of the program, see the Final Technical 
Report of the Regional Operations Research Program (January 1979). 

The resource database is described in a report by Patrick O'Dea 
and others (February 1979, NMEI 10-3), listing sites, locations, and 
reservoir volumes and temperatures. 71ie Infomation in this report is 
not as current as that in USGS Circular 790 (described in the next 
section). An NMEI presentation on geothermal energy (May 1979, 

NMEI 10-4) includes estimates of beneficial heat available at tempera- 
tures greater than 60°C for counties in the region. For Arizona, the 
estimate is 5.23 Quad and for Nevada, 46.50 Quad. 

The population center database is described in a report by O’hea 
and others (May 1979, NMEI 10-5), listing towns, locations, populations, 
and space heating requiranents. Colocated resource sites and towns in 
the region, and the energy used for space heating in those towns are 
listed in a report by R.A. Cunniff and others (June 1979, NMEI 10-6). 
Detailed energy consumption and population growth projections are within 
the capabilities of the existing NMEI system, but were not available 
at the time of this writing.^ 

A study by W.V. Toth and F.C. Paddlson, of the Johns Hopkins Uni- 
versity Applied Physics Laboratory, estimates the market potential for 
geothermal direct heat in parts of several Atlantic Coast States. A 
significant result of this study is the identification of military 
facilities as a major market for direct heat applications. This might 
also be the case in DOE Region IX because of the large number of mili- 
tary reservations in the region. 


^Space cooling requirements are not included in the NMEI database, 
however . 
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2 . 


Reai-arce AaBeaBraent 


The beat overall aaaesament of geoLhennii! resources In the region 
la U.S. Geological Survey Circular 790, Assessment of Geothermal 
Resources of the United States — 1978 . This circular completely docu- 
ments the uses methods and assumptions for estimating reservoir volumes 
and the beneficial heat which could actu-. ily be used in direct applica- 
tions. With exceptions as noted, the USGS method has generally been 
followed by the present work. 

Circular 790 tabulates Information i<.; specific resi>urce sites in 
the western U.S. For reservoirs with temperatures higher tiinn 90'’c, 
reservoir volumes are estimated and the available thermal energy is 
computed. Excluding resources within National Parks, the beneficial 
heat from resources with temperatures higher than 90°C is shown in 
Table 3-1. A list of sites with potential for resources with tempera- 
tures below 90*^C Is included, but no estimates of volume and beneficial 
heat are made. 

The status of resource definition in Region IX is outlined below. 
The four states form a fairly diverse region, both in the nature of the 
resource base and in the level of assessment work undertaken. 

a. Arizona . Most of the resource in Arizona appears to be low 
temperature, A preliminary identification of favorable prospects based 
on chemical geothermometry was reported by Swanberg and others (1977, 
NMEI 6-1). This information and other data were collected and compiled 
into a preliminary map of Arizona's geothermal prospects by 

W.R. Hahman, Sr., and others (1978) for planning purposes. The Geother- 
mal Group of the Arizona Bureau of Geology and Mineral Tecynology is 
currently engaged in an exploration program to locate and characterize 
the geothermal resources of the state (e.g., W.R. Hahman, Sr., 

March 1979). To date, this work has concentrated in southern Arizona. 

b. Galifornia. California is rich in hydrothermal resources 
and commercial exploration and development activities have been exten- 
sive. However, this activity has stressed electricity generation, and 
the sites suitable for it. These sites are well described in USGS 
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Circular 790. Many low temperature sites have been identified, but 
little exploration to define their nature or extent has occurred so far. 

c. Hawa i i . The geothermal resource base of the atace of Hawaii 
is somewhat mysterious. The big island of Hawaii, notable for its active 
volcanism, has been the subject of some geophysical exploration by the 
University of Hawaii (j. w. Shupe and otliers, 1975) and Is the location 
of the high temperature Puna geothermal test well. A more recent 
University of Hawaii appraisal study indicated sites with favorable indi- 
cations of undiscovered geothermal resources, but exploration and 
resource assessment have been limited. 

d. N evada. The situation in Nevada is much like that in 
California. Resources are widespread, and commercial exploration has 
concentrated on high temperature resources suited to power generation. 

3. Direct Heat Applications and Development 

One source of information on potential applications of geothermal 
direct heat worth special mention is the rapidly growing literature on 
solar thermal energy. Applications for heated fluids are the same 
whether the initial source of heat is solar or geothermal. The EC5&G 
Idaho/UURI regional market study cited a solar thermal study by 
Intertechnology Corp. as the source of data on industrial process heat. 
For the California section of the present report, information on agri- 
cultural process heat was obtained from a solar thermal study of 
California (JPL, 1978). 

Site-specific studies of geothermal direct heat applications in 
Region IX are described below. Some applications which have been widely 
examined throughout the nation are as follows; district space heating 
or cooling, greenhouse heating, crop or lumber drying, livestock pen 
heating and livestock processing, dairy operations, aquaculture (fish 
farming), solution mining, and generator or boiler preheating. 

a. Arizona . Virtually all the applications listed above have 
been included in scenarios for Arizona development (Arizona Solar 
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Ener^^y Resoarch CownlsKion, January 1979). Space cooling is a particu- 
larly large energy consuming activity In southern Arizona, and could be 
a large user of geothermal heat U sufficient mode rate- temperature 
resources are available. Williams Air Force Base, located in an area 
with indications of moderate temperatme waters, might economically use 
up to 10"Btu/year of geotheritwil heat for space cooling (tlertsch and 
others, June 1979). Copper mining by leaching is also a large potential 
market for geothermal heat. Existing mines In IMnui County could use 
O.OS ijuad/year of low temperatme resources lArir.ona Solar Energy 
tA’mmisslon, June 1979) ami copper deposits elsewhere in the state could 
also be amenable to this application. 

b. Ca 1 t f orn ia . Potential appl icat ions studied include a sugar 
plant in the Imperial Valley and meat processing or greenlunise opera- 
tions In Susanville. Potential low temperature appl icat ions, such as 
atjuacul ture, car washes, district heating, greenhouse Iieatlngi etc. were 
analyzed for Desert Hot Springs by Christiansen (1978). 

c. Hawa i 1 . A study by Science Appl icat ions, Inc. (January 1979) 
indicates that the largest potential users of geothermal heal In ll.iwail 
are existing sugar mills and aquaculturi' larms. Amlac, Im*. lias studied 
the possibility of using geothermal steam at its svigar mill and genera- 
tor in the Puna area. 


d. Nevad.i. There .ue two existing manul aclurers using geother- 
mal process heat. Mendlve (197b) mentions .in explosives jil-mt in W..shoe 
County, and a food dehydration plant was recently built in Church County 

n. DIRECT HEAT APPU CAT IONS 

Direct he.it applications employ the geothermal fluid as a source 
o! useful heat rather than for converslim to elec'rical or mechanical 
work. Such uses Include space heating, space cool ing, water heating, 
and various industrial .ind agricultural proces.ses. Development of 
resources for geothermal direct heat has not occurred to any significant 
extent in the United States. Aside 1 rom natural spas and hot mineral 
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baths, the only direct heat geothermal developments in DOE Region IX 
are spaceheating in Nevada, greenhouse heat in Nevada and northern 
California, an explosives manufacturer in Nevada, and a food processing 
plant in Nevada which was constructed recently with financing through 
the Geothermal Loan Guarantee Program. Although moat commercial inter- 
est in geothermal energy has been directed toward the generation of 
electricity, an analysis by E.F. Wahl (1977, pp. 247-8, 278-93) indicates 
that direct heat applications are the most thermodynamically and 
economically efficient use of geothermal fluids and that even the waste 
heat from a geothermal power plant can be a valuable resource. 

Exploration efforts to date have emphasized the geothermal 
resources suited to power ).eneration. Unfortunately, since power genera- 
tion requires fluid temperatures higher than 150^’c, suitable resources 
are rare and often occur in geologically unique settings (e.g., the 
Geysers, CA, or the Puna area, HI). Depending upon the specific appli- 
cation. temperature requirements for direct heat are more flexible. 

Very high temperature resources can be used for process steam or 
absorption chilling, but some heating applications can use fluids 
with temperatures just a few degrees above the ambient air temperature. 
Lower temperature resources are believed to be more widely distributed 
than high temperature resources; low enthalpy geothermal systems may 
represent a substantial energy resource. 

Two major factors determine whether a heat consumer has potential 
for geothermal direct heat application: temperature and location of 

resource. Many processes require that heat be supplied at a specific 
temperature; to be applicable to such a process, a geothermal resource 
must generally produce a higher temperature. Transmission of geothermal 
fluids over long distances is technically feasible, but is economically 
possible only when the energy use is quite high.* It is unlikely that 
a market exists for geothermal energy large enough to merit long-distance 


*The Reykjavik Municipal District Heating System currently incorporates 
a 16 km pipeline carrying fluid at 86*^C. However, the energy consumed 
and the duty cycle of the system are both high because spaceheating in 
Iceland occurs year round. 
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transmission, so colocation of users and resources will be a primary 
constraint on development in the near term. The decision by a heat con- 
sumer to actually use geothermal energy will be based on economic con- 
siderations - the costs of special equipment or a plant relocation to use 
a geothermal resource, and the perceived reliability of the geothermal 
energy supply, will be compared with the costs and perceived reliability 
of other energy sources. 

Gl' en a market for heat and a technically and economically 
suitable resource, the two must be connected by a developer who Installs 
the wells and pipeworks. In the parlance of microeconomics, the devel- 
oper is a producer, using land, labor, and capital to produce an output 
(in this case, heated fluid). The producer may take several forms: a 

private fim may lease land and sell fluid to consumers in a competitive 
market, as at the Geysers; a government or utility may produce the fluid 
to sell in a competitive or a captive market, as in Reykjavik, Iceland; 
or the producer and consumer may be within a single firm - for example, 
a factory may use its own on-site geothermal wells. In any form, the 
producer must choose whether or not to Invest In the production of geo- 
thermal fluid. The decision will be based upon a comparison of the 
capital costs and expected return of a geothermal development with those 
of other investment opportunities, and upon the producer's perceptions 
of resource reliability and the market for his product. 

The consumer's or developer's cost and risk are the factors to be 
manipulated in the DGRM program to stimulate commercial geothermal 
development. The costs incurred by a firm undertaking geothermal 
development can be reduced by tax incentives or credits and by direct 
aid such as the Geothermal Loan Guarantee Program or shared-cost devel- 
opment. The developer's risk can be reduced by increasing knowledge of 
the resource characteristics and by identifying the potential consumers 
of geothermal fluids. Owing to variations in the characteristics of 
different reservoirs and the dependence on reservoir characteristics of 
the cost and risk of development, only very detailed, site-specific 
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resource and market studies can significantly affect a geothermal invest 
u»nt decision by a developer. The degree of detail necessary for a 
specific development decision lies beyond the scope of this regional 
study, but this study may help to highlight areas which deserve further 

scrutiny. 
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SECTION IV 


RECOMMENDATIONS 

Based on the results of this preliminary effort, the folU>wlng 
reconuaendations are offered for consideration: 

(1) Resource definition work, particularly in the moderate to 
low temperature resource areas of the Region, needs to be 
expanded. As shown by the Arizona and Nevada data on hydro- 
thermal resources below 90°C, significant amounts of benefi- 
cial heat may be expected to exist at the lower, but still 
useful, temperatures. Such resources would be particularly 
valuable if they are found in proximity to existing concen- 
trations of population or industries. 

(2) The use of geothermal fluids with temperatures above 150^C 
for applications other than pure electrical generation should 
be encouraged. Future studies should focus on the feasibility 
of combined electric/nom cctric, as well as all nonelectric, 
utilization of high temperature resources where appropriate. 
Over 75 percent of the available beneficial heat in identi- 
fied resources in the Region is in the 150°C or higher range. 

(3) Further work is clearly needed in the market penetration 
analysis area. The lack of time and resources in this effort 
made it necessary for the four state study groups to resort 
to many simplifying assumptions. The net result was a lack 
of consistency in the various penetration analyses. It is 
recommended that a more comprehensive treatment be given to 
the method and assumptions to be used in any future regional 
market penetration study. 

(4) Several market areas were not analyzed in this preliminary 
study. These include the copper mining industry and indus- 
trial space conditioning in Arizona, the high temperature 
resource applications in California, the potential aluminum 
and manganese industries in Hawaii, and agriculture/aquaculture 
in all the states except California. These and other market 
segments such as military reservations should be examined in 
future studies in Region IX. 
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This report was prepared to document work 
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nor any Federal employees, nor any ot their 
contractors, subcontractors, or their 
employees, makes any warranty, express or 
implied, or assumes any legal liability or 
responsibility for the accuracy, complete- 
ness, or usefulness of any information, 
apparatus, product or process disclosed, or 
represents that its use would not infringe 
privately owned rights. 

Reference to a company or product name, or 
the exclusion of others that may be operative 
or suitable, does not imply approval, dis- 
approval or recorranendation of the product by 
the Bureau of Geology and Mineral Technology 
or the U. S. Department of Energy and the 
U. S, Department of the Interior. 
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erature (<90*C) Geothermal Resources 
of Arizona - Southern Portion 











Proven and potential geothermal resources are shown 
by the outlined areas on the 1:1,000,000 map of Arizona. 

The areas are numbered by county. They outline known hot 
wells and springs and appropriate geologic setting. 
Approximately 85% to 90% of the known geothermal occur- 
rences are listed in the computer printout. All of the 
areas except Greenlee 1 occur in sediment-filled basins. 
Isolated single occurrences of hot water (>30°C) are shown 
on the map as dots. 

The definitions of proved, potential and inferred 
geothermal resources are: 

Proven sites are (1) those which are in an advanced 
stage of development or commercialization by a private 
company or by government for specific applications, or 
demonstrations, or (2) those which possess favorable quan- 
titative data on the measured subsurface temperatures, 
volume and water flows. 

Potential sites are (1) those sites on which there is 
exploration/development activity, or (2) sites possessing 
some favorable quantitative subsurface data which has been 
estimated or measured. 

Inferred sites or areas are those identified by (1) 
surface manifestations, such as wells or springs, (2) chem- 
ical thermometry, or (3) proximity to potential or proven 
sites . 


A-9 


PRECEDING PAGE BLANK NOT FILMED 


The low temperature resources (<90°C) are assessed 
for depths less than 4,000 feet (1.2 km). Table (1) 
contains pertinent information on the low temperature 
geothermal resources. Drill hole data and gravity data 
show that most sediment-filled structural basins in 
southern Arizona are filled with from 2,000 feet (0.6 km) 
to 4,000 feet (1,2 km) of clastic sediment and/or volcanics. 
Therefore, the geothermal reservoirs in all areas are as- 
umed to be in clastic sediment and/or volcanics with an 
average specific yield or storage coefficient of 5Tc. This 
is a conservative figure when compared with data presented 
by Rantz, S. E. , and Eakin, T. E., 1971, on p. 76. The 
data Table is reproduced below: 


Material Specific yield 

( percent ) 

Gravel, sand and gravel and related 

coarse gravelly deposits 25 

Sand, medium- to coarse-grained, 

loose, well-sorted 25 

Fine sand, tight sand, tight gravel 

and related deposits 10 

Silt, gravelly clay, sandy clay, sand- 
stone, conglomerate and related deposits 5 

Clay and related very fine-grained deposits 3 

Crystalline bedrock (fresh) 0 


The specific yield or storage coefficient is defined 
as the percent volume of water to total volume of reservoir 
that would be obtained if the reservoir were pumped dry 
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without recharge. In all cases, the reservoirs are assumed 
to be 1,000 feet (.3 km) thick at depths of 2,500 feet (.75 
km) to 4,000 feet (1.2 km). Average reservoir temperatures 
are estimated by chalcedony geothermometers unless otherwise 
stated. The chalcedony geothermometer appears to bo the 
best for most low temperature reservoirs (<90°C) (Arnorsson, 
S., 1975). Chalcedony-predicted temperatures in Arizona 
basins agree very well with temperatures predicted for the 
assumed reservoir depths using the average temperature gra- 
dient. The average temperature gradient of Arizona basins 

is about 40°C/km. This is a normal gradient in an area with 

-2 

high heat flow (80 m Wm ) and low heat conductive rocks. 

The heat content of the reservoirs is calculated using 
the following formula: 

/(l-<^) (Hsr)^ + (<=^ ) (Hs\0^ V (Tr-Tmat) = Qr 

j(.85) (Hst)^ + (.15) (IIswJ^ V (Tr-Tmat) = Qr 
|.85) (.20) (2.69) + (.15) (1^ .05 V (Tr-Tmat) = Qr 

.03 V (Tr-Tmat) = Qr 

^ = Poros i Ly— .15 (15%) 

Hsr = Average specific heat of rock— .20 cal/gm°C 

j - Average density of rock— 2.69 gm/cm'^ 

Hsw = Specific heat of water-1 cal/cm^ 

Y = Average specific yield or storage coef f icient— .05 
( 5 %) 

3 15 

V = Volume of geothermal reservoir— cm x 10 
Tr = Average temperature of reservoir— °C 

Tmat = Mean annual temperature at the surface— 17-21°C 

Qr = Extractable heat energy from geothermal reservoir 
calorit's— X 10^^ 
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The method is similar to the one used in U.S.G.S. 
Circular 790 except that in these calculations no recharge 
is assumed. This is because Arizona has an arid climate. 
Since the heat is transported to the surface by water, it 
is necessary to calculate the water volume which can be ob- 
tained from the reservoir. Therefore, the storage coeffi- 
cient or specific yield is used in the calculation. These 
calculations quantify minimum extractable heat contents. 
Artificial recharge through reinjection may be necessary 
to prevent subsidence. Also, natural recharge from cooler 
overlying aquifers is possible; consequently, additional 
parameters, although not considered in these calculations, 
may be added to account for the resulting increase in ex- 
tractable heat. 

Table 2 is a list of areas showing inferred inter- 
mediate to high temperature (>90*^0 reservoirs in Arizona. 
Wells have not been drilled in these areas. The tempera- 
tures, permeability and reservoir size are not known with 
a great degree of accuracy. In many cases, the subsurface 
temperatures are the best known quantity. Most of the data 
on these areas are based on geothermometry, adjacent deep 
well tests or on geologic structure as determined by geo- 
physical methods like gravity surveys and available heat 
flow or temperature gradient data. Until more is known of 

3 

these areas, the reservoir volumes are assumed to be 2.5 km . 
The U. S. Geological Survey WATSTORE water quality file pro- 
vided a large portior. of the data used in this assessment. 
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Table 

County/Area 

1 

2 

Area km 

PROVEN AND POTENTIAL GEOTHERMAL RESERVOIRS 

LESS THAN 1.2 km 

DEPTH 

Tr- 

-"Dnat^C 

Calories x 10^^ 
2L 

Location 

3 

Volume km 

Measured °C 
Temperature 

Depth 

(Feet) 

TDS 

(Mg/1) 

Tr°C 

Greenles 1 

61.9 

T4S, R30E 

18.6 

30 - 67 

Surface 

>8000 

80 


62 

34.59 

Greenlee 2 

61.9 

T5S, R30E 

18.6 

30 - 83 

Surface 

<500 

80 


62 

34.59 

Graham 1 

206.4 

T6-7S, R26-28E 

61.9 

30 - 50 

<1000 

<1500 

75 


57 

105.85 

Graham 2 

371.5 

T7-9S, R24-26E 

111.5 

30 - 45 

<2000 

<5000 

70 


52 

173.94 

Graham 3 

237.4 

T4-6S, R23-25E 

71.2 

30 - 60 

<3500 

<1000 

60 


42 

89.71 

Graham 4 

61.9 

TIOS, R28-29E 

61.9 

30 - 40 

<2000 

<1000 

60 


42 

77.99 

Cochise 1 

681.1 

T12-15S, R28-31E 

204.3 

30 - 40 

<1000 

<500 

60 


42 

257.42 

Cochise 2 

51.6 

T13, R24-25E 

15.5 

30 - 50 

<2500 

<1500 

60 


43 

19.99 

Cochise 3 

41.6 

T12-13S, R21E 

12.4 

30 - 50 

Surface 

<500 

60 


44 

16.37 

Cochise 4 

268.3 

T14-15S, R24-25E 

80.5 

30 - 40 

<1000 

<1500 

70 


53 

127.99 

ima 1 

959.8 

T12-17S, R12-15E 

287.9 

30 - 50 

<2500 

<1000 

60 


41 

354.11 

Pima 2 

526.3 

T12-15S, RlO-llE 

157.9 

30 - 45 

<2000 

<1000 

60 


41 

194.22 

Pima 3 

103.2 

T17S, R3-5E 

30.9 

35 - 40 

<700 

<500 

55 


35 

32.45 

Pima 4 

134.2 

T19-20S, R31E 

40.3 

30 - 45 

<1000 

<500 

65 


44 

53.20 

Area 

Geo thermometry Temperature 


Method 



Source (See References) 

Greenlee 1 


130 - 180 

Quartz Mixing model, Na-K-Ca/mg 

corr. 


7 



Greenlee 2 


130 - 140 

Quartz, 

Na-K-Ca 




6 



Graham 1 


70 - 115 

Quartz, 

Na-K-Ca 




6 



Graham 2 


30 - 90 

Quartz, 

Na-K-Ca 




8 



Graham 3 


70 - 90 

Chalcedony, Na-K-Ca 




8 



Graham 4 


90 - 110 

Quartz, 

Na-K-Ca 




8 



Cochise 1 


60 - 85 

Chalcedony, Na-K-Ca 




6, 

10 


Cochise 2 


60 - 70 

Chalcedony 




3. 

10 


Cochise 3 


50 - 90 

Quartz, 

Na-K-Ca 




6 



Cochise 4 


80 - 110 

Quartz, 

Na-K-Ca 




3 



Pima 1 


50 - 65 

Chalcedony, Na-K-Ca 




9 



Pima 2 


30 - 60 

Chalcedony 




10 



Pima 3 


50 - 60 

Chalcedony 




10 



Pima 4 


50 - 80 

Chalcedony 




10 




Tr - Average temperature of the reservoir 
Tmat - Surface mean annual temperature 


Qr - Extractable heat content of the reservoir 


Table 1 (cont.) PROVEN AND POTENTIAL GEOTHERKfAL RESERVOIRS LESS THAN 1 . 2 km DEPTH 






r\ 




Measured °C Depth 

TDS 



County/Area 

Area km'^ 

Location 

Volume 

km^ Temperature (Feet) 

(mg/1) 

rr-°c 

Tr-Troat°C 

Pinal 1 

423.1 


T5-8S, 

R7-9E 

126.9 

30 - 45 <2500 

<3000 

55 

35 

Pinal 2 

206.4 


T8-10S, R16-18E 

61.9 

30 - 45 <1000 

<1000 

60 

40 

Pinal 3 

268.3 


T8-9S, 

R6-8E 

80.5 

30 - 45 <2500 

<3000 

o5 

35 

Pinal 4 

547.0 


T4-7S, 

R2-4E 

164.1 

30 - 40 <1500 

- 

55 

35 

Yuma 1 

10.3 


T8-9S, 

R19W 

3.1 

50 - 60 <50 

<3000 

60 

39 

Yuma 2 

216.7 


T7-8S, 

R11-12W 

65.0 

30 - 40 <700 

<3000 

65 

44 

Yuma 3 

495.4 


T4-6S, 

R10-12W 

148.6 

30 - 45 <1500 

<3000 

70 

49 

Yuma 4 

278.6 


T3-6N, 

R14-16W 

83.6 

30 - 45 <1500 

<2000 

60 

40 

Yuma 5 

412.8 


T5-6N, 

R11W-13W 

123.8 

30 - 40 <1500 

<1000 

50 

30 

Mohave 1 

61.9 


T17N, 

R17W 

18.6 

30-35 

1500 

50 

31 




Qr 

Geo thermometry 





County/Area 

Calories x 10 

Temperature 

Method Source (See References) 

Pinal 1 


133 

.25 

40 - 

80 

Chalcedony 

10 



Pinal 2 


74 

.28 

50 - 

70 

Chalcedony 

10 



Pinal 3 


84 

.53 

40 - 

80 

Chalcedony 

10 



Pinal 4 


172 

. 31 

- 


Reservoir temp, estimated from 

gradient of 35-40°C/kra 

Yuma 1 


3 

.63 

60 - 

70 

Quartz 

b 



Yuma 2 


85 

.80 

40 - 

70 

Chalcedony 

2 


i 

Yuma 3 


218 

.44 

60 - 

80 

Chalcedony 

10 


1 

yuma 4 


100 

.32 

40 - 

70 

Chalcedony 

10 



Yuma 5 


111 

.42 

30 - 

40 

Chalcedony 

10 



Mohave 1 


17 

.30 

40 - 

50 

Quartz 

6 


1 


A 


Tr - Average Temperature of the Reservoir 

Tmat - Surface Mean Annual Temperature 

Qi- - Extractable Heat Content of the Reservoir 
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Table 1 (cent.) PROVEN AND POTENTIAL GEOTHERMAL RESERVOIRS LESS THAN 1.2 km DEPTH 

Measured °C Depth TOS 


County/Area. 

Area km'^ 

Location 

Volume km^ 

Temj 

jerature 

(Feet) 

mg/1 

Tr-°C 

Tr-Tmat C 

Maricopa 

1 

154.8 

TIN, TIS, R6-7E 

46.4 

30 


40 

-^500 

^1000 

60 

40 

Maricopa 

2 

227.0 

T2-3N, R3-5E 

68.1 

30 

— 

45 

<1500 

<1500 

60 

40 

Maricopa 

3 

185.8 

T2-3N, R1-2E 

55.7 

30 

— 

45 

<2000 

<1000 

60 

40 

Maricopa 

4 

743.0 

T1-4N, R1-2W 

222.9 

30 


60 

<^000 

<5000 

60 

40 

Maricopa 

5 

123.8 

TIN, TIS, R3-4W 

37.1 

30 

— 

40 

<.2000 

<2000 

55 

35 

Maricopa 

6 

275.4 

T1-2S, R5-6W 

52.6 

30 

— 

35 

<1500 

<2000 

70 

50 

Maricopa 

7 

165.1 

T1-2N. R6-7W 

49.5 

30 

— 

50 

<700 

<1500 

75 

55 

Maricopa 

8 

495.4 

TIS, T1-2N, R8-10W 

148.6 

30 

— 

40 

■^2000 

<1500 

65 

45 

Maricopa 

9 

247.7 

T4-6S, R7-9W 

74.3 

30 

— 

40 

<1000 

<3000 

60 

40 

Maricopa 

10 

608.9 

T2-7S, R3-6W 

182.7 

30 

— 

50 

<2000 

<3000 

60 

40 

Maricopa 

11 

247.7 

T2-3S, R1-2W 

74.3 

30 


40 

<1500 

<2000 

60 

40 

Maricopa 

12 

412.8 

T2-3S. R5-8E 

123.8 

30 

— 

40 

<1000 

<1000 

60 

40 

Maricopa 

13 

206.4 

T6-7N, R8-10W 

61.9 

30 

- 

40 

^000 

500 

55 

35 


Qr Geothermometer 

County/Area Calories x 10^^ Temperature °C Method Source (See References) 


i 


Maricopa 

1 

55.68 

50 

- 

60 

Chalcedony 

10 

Maricopa 

2 

81.72 

30 

- 

60 

Chalcedony 

10 

Maricopa 

3 

66.84 

35 

- 

60 

Chalcedony 

10 

Maricopa 

4 

267.48 

30 

- 

70 

Chalcedony 

10 

Maricopa 

5 

38.96 

30 

- 

40 

Chalcedony 

10 

Maricopa 

6 

78.9 

40 

- 

70 

Chalcedony 

10 

Maricopa 

7 

81.68 

45 

- 

85 

Quartz, Na-K-Ca/mg 

corr. Jones, pers., comn. 

Maricopa 

8 

200.61 

30 

- 

110 

Chalcedony 

10 

Maricopa 

9 

89.16 

30 

- 

80 

Chalcedony 

10 

Maricopa 

10 

219.24 

30 

— 

65 

Chalcedony 

10 

Maricopa 

11 

89.16 

30 

- 

70 

Chalcedony 

10 

Maricopa 

12 

148.56 

40 

- 

60 

Chalcedony 

10 

Maricopa 

13 

64.99 

30 

- 

40 

Chalcedony 

10 


Tr - Average Temperature of the Reservoir 

Tmat - Surface Mean Annual Temperature 

Qr - Extractable Heat Content of the Reservoir 






Table 2 INFERRED INTERMEDIATE TO HIGH TEMPERATURE (>90°C) GEOTHERMAL RESERVOIRS LESS THEN 2 . 5 km 


Name 

County 

Location 

Depth 

km 

Volume 

km^ 

Tr 

Inferences 
based on 

Clifton Hot Springs 

Greenlee 

T4S, R30E 

2.0 

2.5 

170 

1. 

5 


Eagle Creek Hot Springs 

Greenlee 

T4S, R28E 

2.0 

2.5 

130 

1. 

5 


Gillard Hot Springs 

Greenlee 

T4S, R30E 

2.0 

2.5 

140 

1. 

5 


Martinez Ranch 

Greenlee 

T3S, R31E 

2.0 

2.5 

130 

1, 

5 


Cactus Flat-Artesia 

Graham 

T7-9S, R26E 

2.0 

2.5 

110 

1. 

3, 

5 

Buena Vista 

Graham 

T6-7S, R27-28E 

2.0 

2.5 

120 

1. 

3. 

5 

Whitlock Mountains Area 

Graham 

T8-10S, R28-30E 

2.0 

2.5 

110 

1. 

3, 

5 

San Simon 

Cochise 

T13-14S, R29-30E 

2.0 

2.5 

120 

2, 

3, 

5 

Willcox Playa 

Cochise 

T14-15S, R24E 

2.0 

2.5 

110 

1, 

3, 

5 

San Bernadion Area 

Cochise 

T20-24S, R29, 31E 

2.5 

2.5 

150 

1. 

3, 

4, 

Tucson Basin 

Pima 

T14-15S, R14-15E 

2.5 

2.5 

130 

2, 

3, 

5 

Power Ranch Area 

Maricopa 

T1-2S, R6E 

2.5 

2.5 

130 

2, 

3, 

5 

Harquahala Plain 

Maricopa 

TIS, T1N-2N, R8-10W 

2.5 

2.5 

110 

1. 

3. 

5 

Luke-Litchf ield 

Maricopa 

T1-4N, R1-2W 

2.0 

2.5 

110 

3. 

5 


Hyder Area 

Maricopa 

T4-6S, R10-12W 

2.0 

2.5 

110 

1. 

3. 

4. 

Alpine-Nutrioso 

Apache 

T5-7N, R30E 

2.0 

2.5 

120 

3. 

4, 

5 

Verde Hot Springs 

Yavaipai 

TUN, R6E 

2.0 

2.5 

130 

1, 

3. 

5 


(1) Geothermometry 

(2) Deep well tests 

(3) Geophysics/Iieat flow 

(4) Young Volcanism 

(5) Structure 

Tr - Avera.ge Reservoir Temperature 


< \J* 
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Introduction 


The following analysis represents a preliminary attempt to define 
the potential market for geothermal energy within Arizona. The tables 
presented summarize total 1975 energy consumption and energy use by the 
State's Industrial and resldentlal/commerclal sectors. Projected energy 
use is shown for selected years until 2020 for these sectors. For each 
of these years, the total possible potential market capture for geo- 
thermal energy Is defined for the industrial and resldentlal/commerclal 
sectors as well as a forecast capture of these markets. The reader 
should oe given an Idea of the Impact geothermal energy could have under 
certain special conditions. 

The assumptions used In compiling this Information will be out- 
lined in the remainder of this report. Modelling methods for the 
category "Forecast Geothermal Capture" have not been refined to reflect 
Arizona's unique energy situation. The mining industry was not con- 
sidered as a potential market nor was industrial space conditioning. 

Each of these sectors currently consume substantial amounts of energy 
within the State; clearly they are important markets for geothermal 
applications. 


Methodology and assumptions 

In any study where the objective is to model future activity, 
certain assumptions must be made about the future. A lack of assump- 
tions is usually desirable, but to present results a minimum number of 
assumptions is required. Thus this section attempts to define all the 
assumptions used in formulating the following tables. The techniques 
employed reflect a simple methodology, rather than a sophisticated 
computer modeling. 

Tables 1 through 5 provide a capsulated view of Arizona's 
energy situation as well as an estimate of geothermal market penetra- 
tion between 19/5 and 2020. The markets considered are limited to 
1) the demand for industrial process heat, and 2) residential/ 
commercial demand for space conditioning and hot water. 

Table 1 presents a one page summary of results of this study. 
Shown in the table is growth in total energy consumption plus growth 
in the industrial and residential/commercial sectors over the next 45 
years . 


The basis of the energy projections is population growth. 
Population has been assumed to grow at a compound rate of four percent 
per year between 1975 and 2020. Many demographers within the state 
predict Arizona's future population growth to range somewhere between 
two percent and three percent, whereas the historical rate has been 


ovr fiv p«rc«nt p«r y«ar. Cons«qu«atly, a midpoint valua of four 
parcant haa baan salactad. 

Tha anargy consumption data for 1975 and 1985 wara takan turn a 
study by Dr. Halmut Frank of tha Division of Economic and Buslnass 
Rasaarch, Dnlvarslty of Arlsona (1). Tha 1975 values raprasant pra- 
llminary figures for that year. Tha valuas given for tha Industrial 
and rasidsntlal/comsMrclal sectors ara net of energy consumption used 
for trsnsportatlon. Tha 1985 valuas, also from Dr. Frank's study, 
represent conservation case valu->s. Whan generating the remaining 
state energy use valuas, compound annual growth rate between 1975 and 
1985 was assimied to continue to 2020. These ratas are four percent, 
four percent and 4.55 percent for rasldantial/conimerclal, industrial 
and total use, respectively. It should be noted that the values for 
the years 2000 and 2020 compare favorably with other long range energy 
use forecasts for Arlsona, though the methodology Is less sophisticated. 

The remaining valuas for "Potential Geothermal Capture" and 
"Forecast Geothermal Capture" were taken from other tables which follow 
the "Regional Hydrothermal Forecast" table. Methods used to derive 
these numbers will be described shortly. 

Table 2, "Arizona Energy Use by County for 1975", is referred 
to as a bottom-up approach to energy use by the industrial and 
residential/commercial sectors. In each county (except for Gila, 

Navajo and Yavapai) an estlnate was made of how much industrial process 
heat could be supplied by geothermal energy, given the assumed average 
reservoir temperature In each county. These data were developed using 
the employment data reported In the Arizona Directory of Manufacturers 
for 1979 (2) and data from the Solar Energy Research Institute (3), 
which provided estimates of annual energy consumption by four digit 
SIC code and the process temperatures needed by these Industries (4). 
This procedure enabled the locations of potential industrial users and 
geothermal resources to be matched. The industrial section of Table 2 
Is a list of the matching industries and an estimate of their annual 
process heat energy consumption. 

As a qualification, It must be noted that the mining industry's 
process energy requirements are not Included, even though copper mining 
accounts for fifty percent of industrial energy consumption. Moreover, 
it has been shown that low-to-raoderate temperature geothermal energy 
may be integrated in the solution mining process, resulting In a fossil 
fuel savings over conventional solution mining techniques. Industrial 
demand for space conditioning Is also excluded from this analysis, even 
though twenty- eight perci±nt of industrial energy consumption, net of 
transportation needs. Is used for space conditioning. These two points 
are significant In that the use of a geothermal resource requires a 
large Initial capital Investment only economical for large users of 
energy who can afford such an investment. 

Referring back to Table 2 , a discussion of the estimates of 
residential/commercial energy use and space conditioning demand Is 
required. Again, it was necessary to make some simplifying assumptions 
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which may not be universally true. For example, it was assumed that 
the percentage of heating and cooling required was the same for all 
counties in Arizona. However, Southern Arizona's demand for space 
cooling is much greater than that for Northern Arizona. The reverse 
is true for space heating. It should also be noted that space cooling 
requires electricity, whereas space heating requires petroleum pro- 
ducts and natural gas. No attempt has been made to assess the 
relative merits of electricity savings versus natural gas savings. 
However, the electricity generation cycle is only thirty-five percent 
to forty percent efficient, while home furnaces have been shown to be 
sixty-five percent efficient (5). 

In deriving estimates for residential/commercial total energy 
use and space conditioning, the following procedure was used. First, 
it was necessary to estimate the number of households in each county 
in Arizona. This was accomplished by using the Arizons Department of 
Economic Security's county population estimates for 1975. Tt was 
assumed that there are 2.8 persons per household, thus we can compute 
the number of households in each county. By knowing total residential 
energy consumption in Arizona net of transportation, an average anc..al 
consumption value for each household was computed. This value was 
found to be 150 million Btu per year. Multiplying this value times 
the number of households in a given county gives a total residential 
energy use estimate for that county. However, this only generates an 
estimate for residential consumption. Thus, it also becomes necessary 
to estimate total commercial energy consumption. This was accomplished 
by computing a statewide ratio of residential consumption to commercial 
consumption. The 1975 ratio is assumed to hold for all counties until 
2020. Thus, commercial consumption for any county is defined as: 



wheie = estimated commercial consumption 

E = estimated residential consumption 
R 

Again, both of these values are net of transportation. The sura of the 
two values (E^ + Ej^) is therefore the estimated residential/commercial 
energy consumption for counties. 

A subset of total energy consumption is energy consumption for 
space conditioning and water heating. It was found that the residential 
sector consumed a larger percentage of its total energy for space con- 
ditioning and water heating than did the commercial sector. In fact, 
the following relations were found: For the residential sector, thirty- 

five percent of total energy consumed was for space heating, twenty 
percent was for space cooling and twenty-eight percent for water heat- 
ing (6). Thus, eighty-three percent of residential energy consumption 
net of transportation was consumed for space comfort and hot water. 

In the commercial sector, a similar total relationship was found, but 
the component parts were quite different. Commercial consumption for 
space heat accounted for fifty-eight percent of the total while space 
cooling was nine percent and water heating required six percent (7). 
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TIiub seventy-three percent of total coiamerclal energy consumption was 
used for space conditioning and water heating. By applying these per- 
centages to respective total energy use, an estimate of space condi- 
tioning and water heating energy consumption for each county was derived. 
These values appear in Table 2 in aggregate form. 

The 1975 values presented in the Growth Project ion Calculation 
Table (Table 3) are a compilation of the indu.strial section of the 
County Energy Use Table. The basic underlying assumption is that 
increased employment results directly in increased energy consumption. 
The growth rates shown are taken from employment projections done by 
the Arizona Department of Economic Security (8), and represent pro- 
jections at the two digit SIC level. Wliere growth rates were not pro- 
vided, one percent per year was assumed. Therefore, the projected 
growth does not fully reflect new growtli within the industrial sector 
of tile economy. However, the table does conservatively project growth 
in demand for process heat which could be supplied by geothermal energy. 

These projections, therefore, represent the total potential 
market penetration that could he attained by geotliermal energy. Two 
shortcomings must be pointed out. First, tlie potential market for 
geotliermal energy is not as limited as this study may indicate. No 
mention has been made of potential agricultural or aquacultural appli- 
cations, and as has been mentioned, mining and industrial space condi- 
tioning markets have not been quant i tat ivelv defined. .Second, it has 
been assumed that moderate temperature geotliermal energv can he used to 
space cool. Further, it would he proli lb i t i vel v costlv for an individual 
home-owner to tap a geotliernuil resource for private use, even If space 
cooling technology were available. 

Witli these shortcomings In mind. Tables 4 and 5 attempt to model 
geothermal market penetration over the next fortv-live vears. it is 
assumed tliat retrofit ol existing industrial laei lilies in the proees 
lieat market will occur at a rate of om- percent pi*r vear beginning in 
1980, not to exceed 257:. of the 1980 market. in tin- ?q’aee conditioning 
market, it is assumed tliat retrofit will occur at a rate of I'l per vear 
beginning in 1981, not to exceed 25'7 of tiie 1081 market. Market 
penetration for process lieat is assumed to be Ul' of new growtii while 
market penetration in tlie resident tal/eommercial market is assumed to 
be 202. of new growth. 

Many factors will be Involved in tlie eventual market penetration 
of geothermal energy in Arizona. Not all of tliese factors Imve been 
accounted for within this study. It Is known that geothermal resource.s 
are pre.sent In Arizona, but temperature and deptli data are lacking. 

However, the successful demonstration of geothermal utilization 
could increase the rate of market pi-uetration in the vears aliead. Thus, 
the Arizona Geotliermal Planning Team will pursue its goal of commerci- 
alization of geotliermal energy. Such planning will be helpful in 
eventual development plans. 
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FOOTNOTES 


(1) Arizona Energy Inventory; 1977 A Report on the State's Enerav Position 
and Outlook to 1985 . Prepared by Dr. Helmut J. Frank, University of 
Arizona under contract with the Office of Economic Planning and Develop- 
ment of the State of Arizona, February 1977. 

(2) 1979 Directory of Arizona Manufact u rers . Compiled by the Economic Develop- 
imsnt Department of the Phoenix Metropolltiun Chamber of Commerce. Published 
by Valley National Bank of Arizona, 1979. 

(3) Industrial Process Heat Demand . Solar Energy Research Institute Draft, 

Ken Brown, 1978. 

(4) Some of these calculations were provided by New Mexico Energy Institute. 

See table for Information provided by them. 

(5) Tucson Electric Power Co. , Personal Communlcatlo;t, September, 1979. 

(6) 1977 Arizona Energy Flow , Office of Energy Programs, State of Arizona, 

1979. 

(7) Ibid. 

(8) Arizona Occupational Pro files , Arizona Department of Economic Security, 

1978, 1979. 
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TABLE 1: REGIONAL HYDROTHERMAL FORECAST - ARIZONA 
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— -."i 
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<Btu X 


1965 

CBtu X lO^^i 

J— 
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--1 
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Potential 

f 
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Potential 

Forecast 
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Potential 
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Energy 
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Energy 
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Geoth. 
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Use (1) 

Capture 

Use f 11 

Capture 
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Capture 

Capture 

Use 

Capture 
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1515.8 

.. 
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2350.5 
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TABLE 2: ARIZONA ENERGY j. J. BY COUNTY 


™. n — ■..! ■ ■. 1 - 

■ 1 1 T II 

■' “ “■ ' 1 r 1 II 1 A 
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County 

Assumed 
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Industrial 

Energy Use ,, 
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conditioning 
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Apache** 
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0.003 
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3273 
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3.8 
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' 
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1 

5.67 I 
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0.03602 

2.26 

1.76 

Greenlee 

125 

no match 


1.37 


Marl- 


2016 

0.0035 

140.75 

r 

109.21 

oopa 


2021 

0.0879 





2024 

0.1856 




no 

2026 

0.0679 





2063 

0.208 





2065 

0.0013 





2086 

0 . 4402 





2097 

0.0164 





2421 

0.0449 





2431 

0.1042 





2441 

0.0187 





2491 

0.0082 





2499 

0.0142 





2511 

0.0577 





2512 

0.0082 





2515 

0.0367 





2519 

0.0003 




110 

2521 

0.0005 
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TABLE 2: ARIZONA 


USE OF COUNTY 


County 


Maricopa 

(cont) 


Assumed 
Average 
Reservoir 
Temp. °C 


INDUSTRIAL 

Standard 

Energy use, 
Btu/yrxlO'*’^ 

Industrial 
Code (SIC) 

2541 

0.0497 

2542 

0.0148 

2591 

0.0040 

2599 

0.0063 

2822 

0.0776 

3111 

0.0135 

3161 

0.0003 

3171 

0.0002 

3172 

0.0389 

3199 

0.0015 

3273 

0.2241 

3281 

0.0040 

3411 

0.0442 

3423 

0.0073 

3429 

0.0937 

3431 

0.0067 

3432 

0.0040 

3433 

0.0062 

3441 

0.1278 

3442 

0.0343 

3443 

0.0183 

3444 

0.4344 

3449 

0.0708 

3451 

0.0260 

3452 

0.0327 

3471 

0.1138 

3479 

0.0503 

3496 

0.0023 

3499 

0.0381 

3519 

0.0141 

3713 

0.0147 

3751 

0.0026 

3811 

0.0242 

3949 

0.0782 

3953 

0.0021 

3961 

0.0005 

3962 

0.0003 

3999 

0.0214 

SUBTOTALS 

3.0780 


RESIDENTIAL/COMMERCIAL 


Total * 
Energy Used 
(Btu/yrxlO^^ 


140.75 

















TABLE 2: 1975 ARIZONA ENERGY USE BY COUNTY 




' 


County 

Assumed 
Average 
Reservoir 
Temp . °C 

INDUS 

TRIAL 

RESIDENTIAL/COMMERCIAL 

Standard 
Industrial 
Code (SIC) 

Energy use 
Btu/yrxlO^^ 

Total * 
Energy Used 

(Btu/yrxl0l2 

Energy used 
for space 
conditioning 
and water 
heating 
(Btu/yrxlO ) 

Mohave** 

110 

2434 

0.00004 

4.37 

3.4 



2499 

0.0010 





2512 

0.001 





2590 

0.0015 





3079 

0.0004 





3273 

0.0061 





3451 

0.002 





SUBTOTALS 

0.01208 

4.37 

3.4 

Navajo 




6.86 

5.31 

Pima 

100 

2026 

0.0081 

51.63 

40.05 



2086 

0.0995 





2097 

0.0039 





2431 

0.0188 





2499 

0.0351 





2511 

0.0038 





2515 

0.0021 





2519 

0.0011 





2522 

0.0491 





2591 

0.0035 





3161 

0.0051 





3171 

0.0010 





3273 

0.0554 





3281 

0.0015 





3441 

0.0424 





3442 

0.0179 





3443 

0.0037 





3444 

0.1459 





3449 

0.0366 





3452 

0.0050 





3471 

0.0077 




100 

3496 

.00009 





3499 

.0112 





3811 

.0039 





3841 

.0168 





3843 

.0004 





3911 

.0005 





3914 

.0108 





3949 

.006 





3953 

.0011 





3999 



.1663 





SUBTOTAL 



.7644 

51.63 

40.05 
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TABLE 2: 1975 ARIZOMA EMISCY USE BY COUNTY 






County 

AsstSMd 

INDUSTRIAL 

RESIDENTIAL/COMMERCIAL 


Average 






Standard 

Energy use 

Total * 

Energy used 

Reservoir 


Tamp. ‘’C 

Industrial 
Code (SIC) 

Btu/yrxlO^^ 

Energy Used 
(Btu/yrxlO^^) 

for space 
conditioning 
and water 
heating , , 
(Btu/yrxlO^^) 

Pinal** 

105 

2048 

.323 

9.77 

7.59 



2086 

.0016 





2099 

.0033 





2451 

.0025 





2519 

.1802 





2599 

.1395 





2750 

.0006 





3273 

.0058 





3441 

.0164 





3443 

.0014 





3499 

.4526 





3911 

.0003 



1 

1 


SUBTOTAL 

1.127 

9.77 

7.59 

I I 

Santa ' 

Cruz 

65 

no mati 

:h 

2.00 

1.55 

Yavapai 




5.90 

4.58 

Yuma** 

75 

2097 

.0007 

7.79 

6.04 



2511 i 

.0004 





3299 1 

.0085 





SUBTOTAL 

.0096 

7.79 

6.04 

STATE TOTALS 

5.031 

259.50 

1V9.69 






1 

i 


** Process heat demand Information provided by NMEI. 


* Numbers will not add due to rounding 
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TABLE J: INDUSTRIAL GROWTH PROJECTION CALCULATIONS 


ARIZONA 


SIC 

Growth 
Rate * 

Btu X lOlO 
1975 Energy 
Use 

1985 

Energy use 

2000 

Energy Use 

2020 

Energy Use 

2016 

2.4 

.354 

.449 

.640 

1.029 

2021 

2 .4 

8.790 

11.143 

15.903 

25.556 

2024 

2.4 

18.564 

23.53 

33.587 

53.972 

2026 

2.4 

7.605 

9.640 

13.759 

22.110 

2048 

2.4 

32.266 

40.902 

58.377 

93.809 

2063 

2.4 

20.800 

26.367 

37.632 

60.473 

2065 

2.4 

.128 

.162 

.232 

.372 

2086 

2.4 

56.902 

72.132 

102.95 

165.434 

2097 

2.4 

2.094 

2.654 

3.788 

6.088 

2099 

2.4 

.334 

.423 

.604 

.971 

2421 

1.0 

4.765 

5.264 

6.111 

7.456 

2431 

1.0 

12.357 

13.650 

15.847 

19.336 

2434 

1.0 

.004 

.005 

.005 

.006 

2441 

1.0 

1.873 

2.069 

2.402 

2.931 

2451 

1.0 

.25 

.276 

.321 

.391 

2491 

1.0 

.820 

.906 

1.052 

1.283 

2499 

1.0 

5.035 

5.562 

6.457 

7.879 

2511 

2.16 

6.186 

7.660 

10.554 

■ 16.183 

2512 

2.16 

.921 

1.140 

1.571 

2.409 

2515 

2.16 

3.877 

4.801 

6.615 

10.142 

2519 

2.16 

18.159 

22.485 

30.982 

47.504 

2521 

2.16 

.050 

.062 

.085 

.131 

2522 

2.16 

4.911 

6.081 

8.379 

12.847 

2541 

2.16 

4.972 

6.157 

8.483 

13.007 

2542 

2.16 

1.481 

1.834 

2.527 

3.874 

2590 

2.16 

.150 

.186 

.256 

.392 

2591 

2.16 

.750 

.929 

1.280 

1.962 

2599 

2.16 

14.583 

18.057 

24.881 

38. 149 

27 50 

1 .88 

.06 

.072 

.096 

. 139 

2822 

1 . 12 

7.761 

8.675 

10.253 

12.811 

10 7 

4.32 

.04 

.061 

.115 

.268 

mi 

1.0 

1. 345 

1.486 

1.725 

2.105 

U61 

1 .0 

.547 

.604 

.701 

.856 

3171 

1 .0 

.113 

.125 

.145 

.177 

11 72 

1.0 

3.888 

4.295 

4.986 

6.084 

1199 

1 .0 

. 149 

.165 

.191 

.233 

32 7 3 

2.88 

29.149 

38.720 

59.279 

104.596 

3281 

2.88 

.579 

.769 

1.177 

2.078 

1299 

2.88 

.850 

1.129 

1.729 

3.050 

141 1 

5.6 

4.424 

7.629 

17.275 

51 . 369 

342 3 

5.6 

.731 

1 .261 

2.8 54 

8 . 488 

3429 

5.6 

9.368 

16.154 

?6.580 

108.773 

3431 

5.6 

.67 5 

1.164 

2.6 36 

7.837 

3432 

5.6 

.400 

.690 

1.562 

4 . 644 

343 3 

5.6 

.617 

1 .064 

2.409 

7.164 

3441 

5.6 

18.667 

12. 189 

72.891 

216.746 


A 


TABLE 3 (coat) 



SIC 

Growth 
Rate * 

Btu X mo 
1975 Energy 
Use 

Energy Use 

^060 
Energy Use 

Energy Use 


3442 

5.6 

5.218 

8.998 

20.375 

60.587 

3443 

5.6 

2.339 

4.033 

9.133 

27.158 

3444 

5.6 

58.028 

100.064 

226.587 

673.773 

3449 

5.6 

10.747 

18.532 

41.965 

124.785 

3451 

5.6 

2.798 

4.825 

10.926 

32.488 

3452 

5.6 

3.767 

6.496 

14.709 

43.739 

3471 

5.6 

12.145 

20.943 

47.424 

141.018 

3479 

5.6 

5.027 

8.669 

19.629 

58.369 

3496 

5.6 

.237 

.409 

.925 

2.752 

3499 

5.6 

50.184 

86.538 

195.958 

582.695 

3519 

1.44 

1.406 

1.622 

2.010 

2.675 

3713 

3.20 

1.470 

2.014 

3.231 

6.066 

3751 

3.20 

.259 

.355 

.569 

1.069 

3811 

3.76 

2.805 

4.057 

7.058 

14.767 

3822 

3.76 

.475 

.687 

1.195 

2.501 

3841 

3.76 

2.829 

4.092 

7.118 

14.893 

3342 

3.76 

.334 

.483 

.840 

1.758 

3843 

3.76 

.0413 

.060 

.104 

.217 

3861 

3.76 

4.583 

6.629 

11.532 

24.127 

3911 

3.32 

.526 

.729 

1.190 

2.287 

3914 

3.32 

1.083 

1.501 

2.450 

4.709 

3949 

3.32 

9.246 

12.817 

20.920 

40.202 

3953 

3.32 

.32 

.444 

.724 

1.391 

3961 

3.32 

.054 

.075 

.122 

.235 

3962 

3.32 

.030 

.042 

.068 

.130 

3999 

3.32 

18.798 

26.059 

42.533 

81.735 


503.088 

721.951 

1301.179 

3099.240 



* Department of Economic Security. Labor Market Information Publication 
^f Arizona . 1978 & 1979. 
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TABLE A: INDUSTRIAL PROCESS HEAT 


Potential Geoth. Capture 


1975 

(Btu X 10^^) 


11 Counties evaluated 
(Out of 14) 


5.031 


0% Per Capita Increase 


0% Per Capita Stimula- 
tion 


0% New Discovery 


TOTAL 


5.031 


Forecast Geoth. Capture 


Retrofit 


0 


New Growth Capture 


TOTAL 


I 


ARIZONA 


(Btu X 10^^) 


7.220 


2000 

(Btu X 10^^) 

2020 

(Btu X 10^^) 

13.012 

30.992 


7.220 


30.992 


1.006 

1.258 

2.096 

7.490 

3.102 

8.748 

































TABLE 5: RESIDENTIAL/COWERCIAL SPACE C«®ITI0»I1IG 


ARIZONA 


Potential Geoth. Capture 

1975 

(Btu X 10^ ) 

14 Counties Evaluated * 

199.69 

14 Counties Considered 

0 

0% Per Capita Increase 

0 

OZ New discovery 

0 

TOTAL 

199.69 

Forecast Geoth. Capture 


Retrofit 

0 

New Growth 

0 

TOTAL 

0 


IMS 

(Btu X 10^’^) 


295.59 


0 


0 


295.59 


2000 
(Btu X 


532.34 


532.34 


2020 ,, 
(Btu X 10 ) 


1166.42 


0 


1166.42 


5.466 


10.528 


15.994 


46.459 


57.878 


104.337 


68.323 


184.694 


253.017 


* Growth projected at 4% coispounded annually 
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Introduction 


As part of the Department of Energy's continuing 
assessment of energy resources, the Division of 
Geothermal Resource Manager (DGRM) is refining estimates 
of the market potential for direct-heat use of geothermal 
energy in a four-state region. Although the 
goo thermal resource potential in the four states 
(Arizona, California, Hawaii, and Nevada) is 
significant, the price of geothermal energy and the 
associated technical and institutional factors affect 
the rate of commercial use of this energy source. 

Resource Planning Associates, Inc. (RPA' was asked to 
estimate the market potential and the market penetration 
rate for diroct-hoat use of geothermal energy in 
California. Our analysis covers the period from 
1976 to 2020. 

California has approximately 50 percent of the estimated 
geothermal resource potential for nonelectric applications 
in the four-state region being examined by DGRM. The 
United States Geological Survey (USGS) estimates that 
approximately two quadrillion Btus of medium-temp- 
erature hydrothermal resources have been identified 
within the state. These resources are concentrated 
in 20 out of 58 California counties and, potentially, 
could be used for direct-heat applications such as space 
conditioning ana industrial process heating. In 
addition to these medium-temperature reservoirs, numerous 
areas of low- temperature surface waters have been 
identified, and these reservoirs could also be used 
to meet California's direct-heat energy requirements. 
However, no estimates have been made of the total 
available energy from these low-temperature, hydrothermal 
resources. * 


* California also has the 13 major high- temperature 
systems that comprise nearly 85 percent of the four-state 
region's high- temperature resources, with estimated 
electrical potential of 12,200 MWe for 30 years. 





INTUODUOTION 


il 


We delt'rrained the proportion of the total t]eot hernuil 
resunu'oen wlitch could bt» uaed in Cvilifornia by c’st imatinq 
tlie I echnically-nultable market which ia compriatni of 
four end-use aectora; residential and conm'rcial , industrial « 
aqr ieul t ural , and military. We estinuto that the total 
t echnically-sui table market for direct-heat use of qoothormal 
in the 20 identified counties iu approxim.\ti'ly 83 trillion 
Htus in 1980, increasinq to 1^3 trillion Plus in 2020. This 
demauvl would require onlv' si'veu percent of total available 
ri'sourcea in 2020. The resident ial/conunerci.j I and the 
industrial sectors each accovmt tor nearly half ot this 
demand, which is conci'ntratod in souihern counties .such 
as San nieqo. Imperial, San heriiardino, Uiverr.ide and 
Ventura. However, with the exception ol Impt'rial County, 
most of the state’s qeothermal ii'sourci'.s are concentrated 
in northern countiv's such an Uike, Lassen, Mcxlm' ami Plumaa. 

Penetration of this t echnic.t 1 1 y-:uii t .»ble market by cost- 
competitive qeothermal enerqy will not occur imnu'di.it ely 
upon cHimmerc iv»l i nat ion of t lu' I'ucrqy sourcv' and the 
associated techuoloqy. Rather, the use ol qt'otheimal enerqy 
will inert'ase slowly over time as its di'l i vevabi I i ty ia 
proven auil il qaius consuiiu'r accept .mci' . Conscqiu'ut ly , 
the e.'U iimit «.'d market potential id qeothcinul enerqy in the 
stale is 4 30 billion lu us in 14H0, iucicasinv) to 43,135 
billion Ut us in 2000 and 100, .’lo hittim^ lit us in 20.’0. 
Cii'othermal eneixjy will cMptuic less, t lum one pcii'i'ul of 
t lu' technical ly-sui labK' market in 1980 iiuncasinq to 
si'vcnly percent in 2020. 

We calculated the market pcitenlial tor direct -luMt ust' 
of qetdhermal enerqy in California by analysiuq the 
qeoihc'rmal resource base and, tor thos<.' counties 
believed to have qeothermal n'scntrci's , c'stimatimi tlu' 
total I echnical ly-sui I able marked dcmaiul. The'se demand 
estimates are an initial attempt at dtdci niinin<i the 
realist ic si'/.e of the dirced -hcal nurkel in C.i I i fr>rnia . 

Next, We' maeie estimate's of the' preiportie>n eif this marke't 
that will bo capture'd by qe'Otlu'rmal e'lu'reiy. 

We' elisi:uss our e'stimate's ot the' market ele'mauei lor 
cje.'othe'rmal oiu'rejy in none' U'e't i* ie' appl ie'.it ieuis in 
Chapt e'r 1 anel present inu estinutes ed‘ the' matkel 
potential for ejcotlu'rnul e'lie'reiyiii Cluipti'i 2. 

In Appeiulix A, wc^ eiescribe our uu't hexioloeiy ten- 
estimatinef de'mand and in Appe'udix H, Wi' show our 
count y-'by-count y e?sl iimite's of re'seuirex' pe^t e'ut i .il , 
miirke't dcmanel and market pe^t e'ut i «il . 

CrivO 


A 


TECHNICALLY-SUITABLE 
MARKET POTENTIAL 


WtU) 


The market for direct-heat use of geothermal energy in 
California appears to bo constrained by demand rather 
than by resource. That is, the extensive geothermal 
resources of the state are located primarily in remote , 
mountainous, or desert areas and are often within national 
and state parks and forests. Because the efficient 
and economic use of this energy requires that it be 
consumed within a 20-to-50 kilometer (i.e. , lO-to-30 
mile) radius, the technical ly-suitable market in 1980 
is less than one percent of the current total demand 
for energy in California. 

The technically-sui table niarket potential for direct-heat 
use of geothermal energy in California is that portion 
of total demand which is co- located with the geothermal 
resources and which can be met by medium- and low-tompcrature 
geothermal resources. To estimate this potential, we 
identified resource potential by count y and projected demand 
in these counties co-located with the resource. 


RESOURCE POTENTIAL 

California has abundant geothermal resources , nearly 
75 percent of tho total identified resources in the four- 
state region. Tl\cse resources .ue touud in the Coast Range 
Mountains, in the volcanic mountains of northern 
California, along the eastern slope of the Sierra Nevada, 
and throughout the deserts of southern California. 

Twenty of California's fifty-eight counties have some 
identified geothermal resources with estimated temperatures 
ranging from 30®C to well over 250^C (Exhibit l.a 
shows those counties having geothermal resource potential) . 



A <}r 




1.2 


Current United States Geological Survey (USGS) estimates 
show that California has nearly 12,200 MWe for 30-year 
potential for electric applications (or 26.53 quadrillion 
Btus of beneficial heat for direct-heat use) from the 13 
identified high- temperature ( i . e . , greater than 150°C) 
reservoirs. The USGS has not made detailed estimates of 
available work from low-temperature (i.e., OO^’C) surface 
waters, but believes the resource potential at this 
temperature is substantial . 

Generally, high temperature resources arc considered 
sources for generating electricity and medium- and 
low- temperature resources are judged more appropriate for 
nonelectric (direct-heat) appliccitions. * However, high- 
temperature resources may be used economically for specific 
industrial direct-heat purposes. Nearly throe quarters 
of the estimated low- and medium- temperature resource 
potential available for direct-heat use (i.e., 2,100 
trillion Btus) is located in Imperial, Lake, Lassen, 

Modoc , Plumas , and Mono Counties; ** further, geologists 
believe low-tcmperaturo geothermal resources exist in all 
six counties (sec Exhibit l.b for the total estimated 
resource potential by county. Appendix B provides site- 
specific resource information for each county) . 

The actual usable potential from these reservoirs will 
depend on the : 

• Flow rates which can bo svistainod over time 

• Salinity of the resource and its corrosive and 
scaling effect on the extraction and production equipment 

• Temperature of the resource over time 

• Location of the field (i.e., is the resource located 
on national park or forest service land which would 
inhibit its development; what is its proximity to 
demand) . 


* Nonelectric or direct applications xncludo such activities 
as space conditioning for residential, coiwnercial , and 
industrial buildings; crop drying, daily water heating, and 
industrial-process uses such as steam raising, product 
drying, providing direct heat or hot water. 

Imperial, Mono, Modoc , and I.akc counties also have 
the greatest high temperature resource potential. 
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To determine the ultimate economic potential of a 
particular resource, those four characteristics must be 
evaluated during the exploration and development of any 
field. However, only more exploratory drilling will lessen 
the high uncertainty associated with estimating resource 
potential. 

The exploration and development of these resources has 
increased substantially over the last decade , much of it 
in Imperial County. Specifically, six high- temperature 
sites, three medium-temperature sites, and numerous low- 
temperature areas have been identified; at these sites, 
over 60 wells have been drilled to depths cf .7 to 2.6 
kilometers. Additionally, Lake and Lassen Counties 
have high levels of exploration activity. 


DEMAND FOR DIRECT-HEAT 
USE OF GEOTHERMAL ENERGY 

The market for the direct-heat use of geothermal energy in 
California will be located in those 20 counties which we 
identified as having or being adjacent to counties with 
resources. We estimate that total potential demand for 
geothermal energy within these 20 counties will bo 
84.5 trillion Btus in 1980 increasing to 103.5 trillion 
Btus in 2000 and 141.2 trillion Btus in 2020. However, 
these amounts account in 1980 for less than one percent 
of California' s total 1976 demand for energy. Estimated 
demand in each of these 20 counties is significantly less 
than available resource potential in each county. Therefore, 
we did not adjust demand for any lack of available resource. 
Additionally, if in 2020 all of this demand for geothermal 
energy were met by California resources, it would use less 
than seven percent of the estimated available beneficial 
heat from medium- temperature resources alone. 
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For each of the 20 California counties, we estimated 
total market demand that can be met by geothermal 
energy (i.e., direct-heat use of hydrothermal resources) 
during the 1976-2020 time period for the resident ial/commercial, 
industrial, agricultural, and military end-use sectors. 

We based our estimate of demand on four steps: 

Step 1: Estimate base demand 

Step 2: Identify co-located demand 

Step 3 ; Determine technically-sui table demand 

Step 4: Estimate growth in technically-suitable demand 

for 1976-2020. 

Appendix A details our methodology and Appendix B presents 
these estimates for each of the twenty California counties. 

We briefly discuss below major characteristics of these 
estimates and their underlying assumptions for each end-use 
sector. 


Residential/Commercial Sector 

By 2020, the residential and commercial sectors will comprise 
47 percent of the total technically-suitable market. Most 
of this demand is concentrated in the populous San Diego, 
Sonoma, Napa and Lake counties. Major direct-heat use 
applications in these sectors are space heating, space 
cooling and hot water heating.* These applications are 
especially promising for those areas where the resource 
and population centers are co-located because co-location 
facilitates economies of district heating. However, the 
location of geothermal resources within California limits 
the widespread use of district heat. Specifically, Inyo, 
Mono, Lassen and Siskiyou Counties are rural and rely 
heavily on liquefied petroleum gas (LPG) for heating and 
cooking purposes while those counties with the largest 
resj.dential and commercial demand, San Diego, Ventura and 
Riverside, have low-temperature waters rather than the 
more readily exploitable medium-temperature resources. 


* We assumed that these applications comprise the demand 
in these sectors. 
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The demand estimates for the residential and commercial 
sectors do not include areas served by LPG because 
counties using LPG do not have the population density 
to justify the installation of a steam distribution 
system. 


Industrial Sector 

About 49 percent of the estimated technically-suitable 
market for direct-heat use of geothermal energy in 2020 
is for the industrial sector; of this, two- thirds are 
located in three counties; San Diego, Imperial, and 
San Bernardino. Of the 31 four-digit SIC codes which 
form the industrial sector, 24 are in these three 
major counties (see Exhibit l.c). The major potential 
industrial users of geothermal energy are; 

• Food and kindred products (SIC-20) and chemicals 
and allied products (SIC 28) in southern California 

• Lumber and wood products (SIC 24) and paper and 
allied products (SIC 26) in northern California. 

We estimated base-year demand for the approximately 
30 four-digit industries with process heat requirements 
that could be met by geothermal energy and adjusted the 
estimated total industrial demand to reflect only that 
portion of demand used for direct-heat use applications. 
Typically, applications in the major industries include 
steam for curing and canning food products, raising 
hot water for process use, alfalfa drying, lumber drying, 
and space heating. 

After estimating base-year demand, we forecasted the 

total technically-suitable market using three 

assumptions; first, all industrial demand is co-located 

with the geothermal resource, second, all industrial process- 

temperature requirements can be mot by these resources; and 

third, relocation of industries to counties with 

geothermal resources will not occur. That is; 

• Because we could not precisely identify current 
industrial location, we could not estimate that portion 
of demand which is co-located with demand, therefore 

we assumed co-location for all demand. 

• Because current estimates of size, available work, 
and temperature of identified geothermal resources 
are imprecise and likely to change over the next few 
decades, we did not change demand estimates based 

on these data. 
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• Because we could not examine the numerous factors 
which affect industrial relocation decisions (e.g., 
energy costs and reliability of energy supply, 
availability of raw materials, and costs of transportation- 
to-market) for all the target industries, we did not 
adjust demand estimates to reflect relocation of 
industries from nongeothermal to geothermal counties 
(relocation could affect demand, for example, in 
southern California where industries currently in 
Los Angeles and Orange counties might relocate to 
Riverside or San Bernardino counties, however, this 
possible growth in demand due to relocation is captured 
by our current estimates through our assumptions about 
growth rate and co-location) . 

Agricultural Sector 

Agricultural use of geothermal energy represents only 
3 percent (i.e., 3.8 trillion Btus) of the 
total technically-suitable market in 2020. About 60 
percent of this market is concentrated in Kern, San 
Bernardino, and Monterey Counties. 

We estimated base-year agricultural demand for 20 
California counties. However, the bulk of California’s 
agricultural activity occurs in the Central Valley, 
e.g., in Sacramento, San Joaquin, and Fresno Counties, 
whose location is not within economic steam-transmission 
distances from identified geothermal systems. Additionally, 
thermal energy requirements in this sector constitute 
only 20 percent of total demand for energy and is limited 
to energy used, for example, for crop drying, animal hus- 
bandry, and space heating of agricultural buildings, 
particularly chicken coops. For each county, we 
assumed all agricultural demand is co-located with geothermal 
resources although this may not be accurate for some of 
the large counties (e.g., San Bernardino, Kern, and Inyo). 

Military 

We did not estimate the total potential for 
direct-heat use of geothermal energy by the various 
military facilities because estimates of potential demand 
for total and direct-heat energy for military facilities 
are currently unavailable. However, it is known thac 
several opportunities for direct-heat and electric appli- 
cations do exist in military installations throughout 
California; most notable of these is the Naval development 
of Coso Hot Springs in Inyo County for use by the China 

(SS) 
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Lake Naval Weapon® Canter. Currently, the Navy plans 
to have 75 MW of capacity on line by 1985 and 
350 MW by 1995 and development of other Naval lands, 
especially in the Imperial Valley, will probably occur 
in the next twenty-five years (see Exhibit l.d for a list 
of major military installations which wo believe are 
co-located with geothermal resources) . San Diego and 
Monterey counties, have some of the heaviest concentration 
of military facilities in the state but do not offer 
much potential for military use because of the location 
of their low- temperature resources. 


Exhibit l.d 




COUNTIES WITH RESOURCE POTENTIAL 
(Shaded) 
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Exhibit l.b 


RESOURCE POTENTIAL BY 
COUNTY BY TEMPERATURE RANGE 


County* 

<90*C** 

90-150*C** 
(trillion Btus) 

>150"C*** 

(MWe for 30 years) 

Imperial 

Yes 

308.10 

6,791 

Lake 

Yes 

296.72 

975 

Lassen 

Yes 

287.24 

116t 

Mono 

Yes 

255.54 

2,100 

Modoc 

Yes 

221.83 

1,490 

Plumas 

Yes 

169.63 

116t 

Napa 

No 

137.46 

- 

San Bernardino 

Yes 

117.55 

84tt 

Ventura 

Yes 

58.78 

- 

Inyo 

Yes 

56.88 

650 

Shasta 

No 

52.14 

116t 

Sonoma 

No 

50.24 

l,620ttt 

Riverside 

Ye 

46.45 

- 

Kern 

No 

46.45 

84tt 

Mendocino 

No 

(Share with Lake) 

- 

Siskiyou 

No 

(Share with Shasta) 

- 

Monterey 

Yes 

- 

- 

San Diego 

Yes 

- 

- 

San Luis Obispo 

Yes 

- 

- 

Santa Barbara 

Yes 

- 

- 

TOTAL 


2,105.01 

12,206 


* Counties are ranked in descending order according to amount of 
available work. 

** Generally, resources in this range are used in nonelectric 
applications. Counties with favorable areas only, 

*** Generally, resources in this range are used in electric 

applications. Total is 26. 53 Quad for beneficial heat, excluding the Geysers. 

I 

t Resource shared among Lassen, Plumas and Shasta counties. 

tt Resource shared between San Bernardino and Kern counties. 

ttt Estimate includes Geysers KGRA which are currently dedicated to 
generating electricity. 
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Exhibit l.c 

TARGET INDUSTRIES IN COUNTIES 
HAVING MAJOR MARKET POTENTIAL 






















S’ 


Meat Packing 

2011 

• 


• 

9 



Poultry Dressing 

2016 

• 




9 


Fluid Milk 

2026 

• 


• 

9 

9 


Canned Specialities 

2032 





9 


Canned Fruits & Vegetad>les 

2033 






9 

Dehydrated Fruits and 
Vegetables 

2034 





9 

9 

Frozen Fruits & Vegetables 

2037 



• 



9 

Prepared Poods 

2048 

• 

• 

9 

9 

9 


Breeid & Baked Goods 

2051 

• 


9 




Beet Sugar 

2063 


• 





Animal & Marine Fats 

2077 






9 

Soft Drinks 

2086 

• 


9 

9 

9 

9 

Sawmills & Planning Mills 

2421 



9 

9 



Plywood 

2435 



9 




Wooden Furniture 

2511 

• 




9 


Upholstered Furniture 

2512. 

• 


9 




Solid & Corrugated Fiber 
Board 

2653 

• 


9 


9 

9 

Alumina 

2819 




9 



Noncellulosic Fibers 

2824 

la 






Socvps & Detergents 

2841 







Organic Chemicals N.E.C. 

2869 







urea 

2873 


• 





Chemical Preparations N.E.C 

. 2899 





9 


Concrete Block 

3271 

B 


9 




Ready-Mix Concrete 

3273 

n 


9 

9 

9 

9 

Gypsum 

3275 


• 





Treated Minerals 

3295 



9 


9 


Blast Furnaces 

3312 

• 






Galvanizing 

3479 

• 






Motors & Generators 

A- 

.^^3621 
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MAJOR MILITARY INSTALLATIONS 
CO-LOCATED WITH GEOTHERMAL RESOURCES 


County 

Imperial 

Imperial 

Imperial 

Inyo 

Modoc 

San Bernardino 


Facility 

National Parachute Test Range 
El Centro Naval Air Facility 
Marine Corps Air Station 
China Lake Naval Weapons Center 
Fort Bidwell 

China Lake Naval Weapons Center 


San Bernardino 


Twenty-Nine Palms Marine Corps 



MARKET PENETRATION ESTIMATES 


We estimate the market potential for direct-heat use of 
geothermal energy in California will be 436 billion Btus 
in 1980, increasing to 43,135 billion Btus in 2000 and 
100,126 billion Btus in 2020 (see Exhibit 2. a).* Twenty 
counties have market potential for direct-heat use of 
geothermal energy (see Exhibit 2.b) , 70 percent of which 
potential will be in San Diego, Imperial, San Bernardino, 
Kern, Riverside, and Ventura Counties. The industrial 
sector is the end-use sector with the largest market 
potential, constituting nearly two thirds of the total 
potential (see Exhibit 2.c? Appendix B presents market 
potential estimates by end-use sector for the 20 
counties examined) . Geothermal energy used in 
nonelectric applications is assumed to be cost-competitive 
with traditional fuels, such as natural gas and electricity, 
and most nontraditional energy sources such as solar, wind 
and biomass.** However evnn if we assume consumers will 
base investment decisions m cost-competitiveness of the 
product, we cannot conclude that acceptance of geothermal 
energy and investments in equipment to utilize this 
energy will occur immediately. Rather, to estimate the 
true market potential of direct use of geothermal energy, 
we must estimate the rate of market penetration. 


* Market potential is defined as that portion of the 
technically-sui table market which is captured by geo- 
thermal energy. 

** However, the estimated dates for when geothermal 
energy will achieve competitiveness and the uniformity 
of costs throughout California are uncertain; consequently, 
market penetration estimates are also uncertain. 
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Market penetration rates usually reflect assun^tions 
about market acceptance of a new technology or product. 

History indicates that market acceptance and use of a 
new technology, product, or fuel does not occur immediately 
upon introduction and does not follow a linear pattern. 

The process by which products or technologies do come 
into use is called diffusion and, typically, can be 
divided into three distinct phases: a demonstration period 
of a few years, during which penetration is slow; a period 
of rapid growth which indicates more widespread acceptance 
and often continues until the appropriate market is 
nearly saturated; and a mature growth period of relatively 
constant penetration rates. These distinct phases of market 
penetration reflect the interaction of several consumer- 
related factors; major factors include the slow spread 
of information and awareness concerning the existence and 
performance of the new product or technology, uncertainty 
about the benefits of the product or technology, consumer 
desire to wait for products to become cheaper or better, 
and recent consumer investment in a competing product . 

To estimate the geothermal market potential in California, 
we developed six market penetration rates (or curves) 
that approximate this diffusion process for geothermal 
energy. We then applied these rates to the technically- 
suitable market estimates to obtain the estimated market 
potential. Each curve reflects a different set of assumptions 
about the start of commercialization, the length of development 
and rapid-growth phases , and the annual rates of penetration 
during these periods. 

We determined the applicable curve for estimating the 
percentage of technically-suitable demand captured by 
geothermal energy for each end-use sector within a 
county by applying a set of decision rules which reflect 
the major factors that will influence the rate of penetration 
in each end-use sector (in Exhibit 2.d we present the 
decision tree for applying these rules) . We briefly 
describe the major factors influencing penetration and 
assumptions about penetration for each end-use sector 
below. 


(M) 
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RESIDENTIAL/COMMERCIAL SECTOR 

We estimate that geothermal energy will capture approximately 
55 percent of the technically-sui table market in the 
residential and commercial sectors by 2020. Market potential 
for these sectors comprises 35 percent of total California 
potential or 34.6 trillion Btus in 2020. With 75 percent 
of the total market potential, San Diego, Ventura, Sonoma, 
and Napa Counties have the greatest potential for 
residential and commercial use of geothermal energy. Three 
major factors will affect the rate and timing of market 
penetration within the residential and commercial sectors; 

• Temperature of resource 

• Dependency on LPG 

• Density of the population. 

We used the temperature of a reso urce within a county 
as a proxy for estimating the start of coimnorcialization. 

That is, if a county has any high- or medium- temperature 
(i.e., greater than 90®C) , we assumed penetration will 
begin in 1980 because this date reflects existing 
exploration, development, and production activities 
that are normally associated with these resources and 
that can effect a higher probability of early 
commercialization. If a county has low-temperature 
resources (i.e., loss than 90®C) low- temperature resources 
only, v^o assumed commercialization and penetration will 
not begin until 1985. 

One quarter of the counties with geothermal-resource 
potential have no natural gas service and must depend on 
LPG . If the residential and commercial establishments within 
a county depend on LPG, we assumed that geothermal energy 
would not replace these existing energy sources because 
the use of LPG implies population density insufficient 
to support an economic steam-distribution system. 
Consequently, we assume geothermal energy will not be 
competitive in the residential/commercial sector in these 
counties. 

We used density of populati on in a county to determine 
the near-term possibilities for district heating and 
the speed with which knowledge, acceptance, and use of the 
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geothermal energy would occur. * We assumed counties having 
high“population densities will experience a development 
phase lasting five years and a rapid-growth phase lasting 
ten years. Contrastingly, we assumed counties having low- 
population densities will experience a development phase lasting 
8 years and a rapid-growth period lasting 15 years. 

We assumed the remaining years until 2020 will be in the 
mature-growth phase. TUmual penetration rates were the 
same for all counties; one percent per year for the 
development phase, two percent per year for the rapid- growth 
phase , and one percent per year for the remaining period. * 
Market Penetration curves 1, 2, 3, and 4 of Exhibit 2.e 
reflect these assumptions. 


INDUSTRIAL SECTOR 

We estimate that geothermal energy will capture 90 
percent of the industrial demand for energy (63.5 trillion 
Btus) by 2020. This sector comprises nearly two-thirds 
of total state-wide potential and is concentrated in 
San Diego, Imperial, San Bernardino, Santa Barbara, and 
Riverside Counties. Together, these counties make up 
nearly 80 percent of California's potential demand by 
industries. 

Wo assumed penetration of the industrial sector will 
begin in either 1980 or 1985, depending on the temperature 
characteristics of the resources in a county. We assumed 
the development phase for industry will be eight years, 
a duration of time reflecting the concerns of industry 
executives about the technical and economic feasibility of 
using geothermal energy. For example , uncertainties over 
the purity and reliability of the steam will need to be 
clarified. 


* Average population density of the 20 counties (i.c. , 

54.4 people per square mile) was used as the determining 
factor. 

** In forecasting demand , major gas and electric utilities 
use one percent per year as the average projected growth 
in housing stock during the 1976-1998 time period. 

(Sw) 
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We assunved annual penetration rates during this time 
period will be two percent. Annual penetration rates 
during an estimated 15-year rapid- qrowt-.h phase will be 
4 percent, an assumption which reflects estimates 
of the percentage of annual turnover of capital equipment 
used for fuel-burning equipment and of the percentage 
of retrofit applications. We assumed penetration during 
the mature- growth phase will be two percent per year. 
Market penetration curves 5 and 6 of Exhibit 2.e reflect 
these assumptions . 


AGRICULTURAL SECTOR 

We estimate that about 55 percent (2.1 trillion Btus) 
of the agricultural demand for energy will bo 
captured by geothermal energy in 2020. However, this 
sector accounts for only two percent of total statewide 
potential. Most of this potential (57 percent) is located 
in Kern, San Bernardino, and Mendocino Counties. 

The two main factors influencing the timing of geothermal 
penetration in the agricultural sector are the temperature 
of the resource in the county and the percentage of land 
in the county which is dedicated to farming. As was 
true for the other sectors, penetration will begin either 
in 1980 or 1985 , depending on the temperature of resources 
within the county. We used density of farmland as a 
•proxy for estimating size and sophistication of farms 
and their capability for using geothermal energy cost- 
effectively.* 

Annual penetration rate and length of diffusion- phase 
assumptions for the high and low density agricultural 
counties are the same as for high- and low-density 
population counties (see Market Penetration Curves 1, 2, 

3, and 4 of Exhibit 2.e) . 


* We used average density of farmland for the 20 counties 
(i.e., 26.2 percent of total county acreage) as the 
determining factor. 
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MILITARY SECTOR 

We could not make comprehensive market potential estimates 
for the military sector because of the lack of resource 
and demand estimates for resources and facilities owned 
by the military. Market potential estimates can be 
made once these estimates are available. 

We do not expect the penetration of the military market 
by geothermal energy to follow the traditional diffusion 
process. Rather, because of the captive nature of 
demand and the tendency of federal policy to encourage 
energy conservation and use of nontraditional fuels, 
we assumed penetration will be 100 percent when the 
resource becomes available for use. 


TRILLIONS OF BTUS 



ESTIMATED MARKET POTENTIAL FOR 
DIRECT-HEAT USB OP GEOTHERMAL 
ENERGY IN CALIFORNIA: 1980 to 2020 



Countv* 

1980 

1985 

1990 

San Olego 

0 

541.45 

2,871.09 

Imperial 

89.34 

541.19 

1,543.54 

S?>n Bernardino 

76.34 

440.58 

1,200.80 

Kern 

45.83 

254.89 

697.37 

Riverside 

45.84 

257.95 

757.21 

Ventura 

60.92 

323.07 

969.57 

Santa Barbara 

0 

48.92 

282.23 

Sonoma 

39.48 

212.44 

636.89 

Monterey 

0 

34.89 

192.03 

Shasta 

16.35 

94.68 

258.79 

Napa 

28.30 

146.04 

447.83 

Siskiyou 

9.12 

55.63 

158.63 

Plumas 

5.21 

30.36 

83.52 

Mendocino 

8.65 

45.53 

117.50 

Lake 

7.45 

38.39 

93.97 

San Luis Obispo 

0 

5.99 

32.34 

Lassen 

2.05 

12.57 

35.68 

Modoc 

.80 

4.86 

13. Su 

Inyo 

.63 

3.58 

9.60 

Mono 

• 04 

.20 

.57 

TOTAL 

436.35 

3,013.21 

10,402.98 


♦ counties are ranked in descending order accordin'? to rarket 




03 W w 
O" »< 05 X 
H* ^5 »3* 

H* O M f- 

s: 

O Z rf 
3 M 
W K O fO 


O S 


YEAR 
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1995 
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8,580.35 

16,074.59 

28,646.69 

39,485.54 

Q 

3,488.14 

6 ,502.29 

10,871.17 

15,688.95 

2,588.48 

4,609.29 

7,185.14 

9,716.33 

►4 

W 

1,445.71 

2.419.74 

3,885.59 

5,473.60 

z 

1,537.34 

2,459.00 

3,789.35 

5,212.75 

t-t 

> 

1,821.82 

2,535.78 

3,696.38 

5,001.90 

f 

798.72 

1,684.44 

3,775.50 

4,963.81 


1,207.69 

1,712.68 

2,521.58 

3,405.28 


501.92 

1,125.88 

2,155.32 

2,978.82 


560.38 

1,000.85 

1,572.70 

2,137.22 


795.28 

978.77 

1,383.45 

1,881.27 


357.79 

664.34 

1,062.34 

1,458.50 


181.79 

326.18 

516.88 

705.08 


226.21 

345.89 

480.86 

597.06 


179.23 

276.73 

413.16 

536.82 


89.70 

174.56 

345.75 

480.86 


CD 

o 

149.33 

238.81 

327.93 


31.27 

58.06 

92.84 

127.47 


20.18 

34.55 

55.87 

77.76 


1.05 

1.73 

2.92 

4.24 


24,493.50 

43,134.68 

72,696.30 

100,261.19 




EWD-USE SECTOR* 


YEAR 


Rcsidential/Consnercial 

1980 

1985 

1990 

1995 

2000 

2020 

• Market Deirand 

65,660.70 

65,271.38 

65,056.42 

64,942.36 

64,973.29 

66,763.86 

• Market Potential 

192.01 

1,444.87 

5,125.24 

11,983.93 

18,745.70 

34,593.04 

Industrie. 

• Market Demand 

18,373.68 

21,584.77 

25,442.3B 

30,044.16 

35,525.99 

70,549.17 

• Market Potential 

226.92 

1,547.32 

4,?G7.79 

11,886.34 

23,438.99 

63,493.38 

Agricultural 

» Market DtPand 

2,382.31 

2,524.40 

2,676.73 

2,840.48 

3,016.47 

3,863.80 

• .“arket Potential 

17.42 

100.97 

309.95 

623.25 

949.99 

2.174.83 

Total 

• Market Demand 

84,416.69 

89.380.54 

93,173.53 

97,827.00 

103,515.75 

141,176.83 

• Market Potential 

436.35 

3,093.16 

10,402.98 

24,293.52 

43,134.68 

100,261.25 


* The current projection for the 1995 tarket potential in the rllitary end-uac sector is for Coso Hot Springs, 
Inyo County! 350 MWo for electric applications. The 5!avy projects that other bases vrhich are co-located 
with geothertnal resources in southern California will use gecthemlly-gencrate-l electricity: however, the 
h'avy could not provide estit'ates of Parket demand at this tire. 


Exhibit 2.C 

ESTIMATED MARKET DE.MAND AND 
MARKET POTENTIAL FOR END-USE 
SECTOR (billions of Btus) 
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MAHKET PENETRATIC»J 
CURVE NUMBER 1 

(High tomperatura, residential/ 
commercial or agricultural, low 
LPC dependency, high population 
density or high farmland density) 
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Exhibit 2.e (continued) 

MARKET PENETRATION CURVE 
NUMBER 2 (Hi>jh temperature, 
reBidential/commercial or 
agricultural, low LPG dependency, 
low population density or low 
farmland density) 


o 



iaxavw aiaviins-ATavDiNHoaoi ao aoviNaoaad 

A 119 



■> 

V 





Exhibit 2.C (continued) 

MARKET PENETRATION 
CURVE NUMBER 4 

(Low towperature# roaidcntial/ 
commercial or agricultural, low 
LIK3 dependency, low population 
density or low farmland density) 
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MARKET PENETRATION 
CURVE NUMBER 5 
(High temperature) 
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Appendix A 


METHODOLOGY FOR ESTIMATING 
TECHNICALLY-SUITABLE MARKET 
POTENTIAL FOR DIRECT-HEAT 
USE OF GEOTHERMAL ENERGY 


DEt-lAND MKTHODOLOOY 


A. 2 


We estimated the tcchnically-suitable market potential 
for direct-heat use of geothermal energy by end-use 
sector for each of the 20 California counties having 
geothermal-resource potential. Within each county, we 
examined the residential and commercial , industrial, 
agricultural, and military end-use sectors and 
estimated the technically-sui table market potential in 
four stops: 

Stop 1: Estimate base-year demand 

Step 2: Identify proportion of demand co-located 

with geothermal resource 

Step 3: Determine proportion of technically-suitable 

demand (i.e. , demand which can be provided 
by geothermal energy in a specific location) 

Step 4 : Project grow th in demand for 1976-2020 time 

period 

In this appendix, we discuss our assumptions , information 
sources, and the procedures used for each end-use sector. 


RES IDENTIAL/COMMERCIAL SECTOR 
Base-Year (1976) Demand 

The residential and commercial sectors primarily 
consume natural gas and electricity. Several of the more 
rural and inaccessible counties use liquefied petroleum 
gas (LPG) in place of natural gas because gas distribution 
systems do not exist in those remote areas. 

We used sales data reported by electric and gas utilities* 
to the Federal Energy and Regulatory Commission (FERC) 
in Forms 1 and 2 and Uni form Statistical Reports of 
individual companies ( estimate base-year (1976) demand 
in the residential/conuuercial sectors. We allocated 


* Six major electric companies serve the 20 counties : 

Pacific Gas & Electric Company (PG&E) , San Diego Gas & 

Electric Company (SDG&E) , Southern California Edison 
Company (SCE) , Pacific Power and Light Company , CP National 
Corporation, and Sierra Pacific Power Company; additionally, 
several municipal utilities offer service within these counties 
(e.g. , Imperial Irrigation District and Riverside Department 
of Public Utilities). Southern California Gas Company, 
Southwest Gas Corporation , PG&E, and SDG&E provide gas service. 
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total sales of gas and electricity for each utility to 
a given county based on the percentage of the utility 
service area's population that was accounted for by each 
county. Where two or more utilities serviced the same 
county, we adjur;!ed the base county population to avoid 
double counting. Similarly, for those utilities which 
include agricultural consumption in their commercial 
accounts, we reduced total commercial sales by the 
amount of agricultural consumption. This allocation 
procedure resulted in base-year residential and commercial 
demand for each ccunty. 


Co-IX3cated Demand 

Only a portion of the base-year demand in each county 
lies within a physically-feasible and economic trans- 
mission distance from the geothermal resources. Therefore, 
we adjusted base year-demand to reflect that portion 
of total demand which could feasibly be served by 
geothermal energy. We used 20 kilometers* as the maximum 
delivery radius for geothermal steam distribution and 
matched this transmission distance to county-specific 
population densities to estimate the proportion of 
population co-located with the potential service area of 
the identified resources. These proportions also reflected 
market areas which cross over county lines; however, 
we did not include demand which could be met by geothermal 
resources in neighboring states or Mexico. 


Technically-Suitable Demand 

It is not always technically possible for a geothermal 
resource to serve a co-located demand. For example, in 
the residential and commercial sectors, a significant 
portion of the demand for electricity (i.c., electricity 
used for refrigeration, lighting, and running appliances) 
cannot readily be replaced by direct-heat uses of geothermal 
energy. Therefore, we assumed that geothermal energy could 
replace energy used for space heating and cooling and hot-water 
heating in these two sectors. Specifically, we assumed that 
94 percent of the natural gas and 48 percent of the 


* Currently, this is the maximum distance for economic 
transmission of geothermal energy in Iceland. 
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electricity requirements could be displaced by geothermal 
energy in the residential sector; similarly, we assumed 
that geothermal energy could displace 100 percent of the 
natural gas and 42 percent of the electricity in the 
commercial sector. ^ Our adjusted estimates of co- located 
demand reflect these assumptions. 


Demand Projections 

After adjusting the base-year total demand to account 
for location and technical requirements, we used forecasts 
by the California Energy Commission to estimate demand for 
the 1976-2020 period. The growth rates for demand specified 
below vary by sector and by fuel type. 


ANNUAL GROWTH RATE 
IN DEMAND: 1977-1998? 
(percent) 


Residential Sector 
Commercial Sector 


Electricit y Natural Gas 


2.9 .5 

1.7 .17 


We have assumed above growth rates also apply to 1998-2020. 
INDUSTRIAL SECTOR 
Base-Year Demand 

Generally, the industrial sector is defined as those 
industries with Standard Industrial Classification (SIC) 
codes between 20 and 39. Using data from a previous study 


1. U.S. Federal Energy Administration- Project Independence 
Re port; Reside ntial and Coitmiercial Energy Use Patterns , 
r970-199'0. ~197TI Table A.b for Western U.S. 


2. California Energy Commission. Natural Gas Supply and 
Demand for California 1978-1995 : Staff Report - Appendix A. 
1978. 
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which identified 55 four-digit (SIC) codes with process- 
heet requirements which could probably be met by solar 
energy,* we assumed that geothermal energy could, with 
few exceptions, meet these smne requirements. Accordingly, 
we identified industries located within the target counties. 
These industries, form the industrial sector (see Exhibit 
A.l) . 

To estimate base-year demand for the industrial sector 
by county we performed three steps. First, we estimated 
the number of employees by SIC code in each county.^ 

Next, we estimat I average fuel use per employee by SIC 
code in California. Because only fuel use by three-digit 
code is available at the state level, we apportioned total 
fuel used at the three-digit level in California among 
the relevant four-digit industries using national averages.^ 
Finally, we estimated fuel use at a county level for each 
four-digit SIC code by multiplying fuel use per employee 
by the number of employees in a given county. 


Co-I lOcatcd Demand 

We assumed that all of the estimated industrial demand 
within a county is co-located with geothermal resources in 
that county. 

Not all of the industrial demand for energy can be mot by 
medium-temperature geothermal energy, especially that portion 
of energy required for electric drive. Because estimates for 
each four-digit SIC code of the portion of total energy which 


1. Intertechnology Corporation, Analysis of the E conomic 
Potential of Solar Thermal Energy to Provide Industrial 
Process Heat , volumes 1, 2 and *3, 

2. Bureau of Census, U.S. Department of Commerce. 

County Busi nes s Patterns ; California, 1976 . 

3. U.S. Department of Commerce, Bureau of Census. 

Annual Survey of Manuf actors; - Fuels and Electric Energy 
Cons umed . 1976 . 
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can be provided by geothermal energy were not readily 
available, we aggregated fuel use by four-digit SIC 
codes to a two-digit level and used the percentage 
estimates shown below to estimate a technically-suitable 
industrial demand for each county. 


Demand Projections 

Estimates of annual growth in value-added by two-digit 
SIC codes for California industries formed the basis of 
our industrial demand projections.^ We believe that 
growth in energy requirements will more closely parallel 
value-added growth than employment growth. 


ASSUMPTIONS 

ABOUT INDUSTRIAL DEMAND 



Proportion of 

Annual Growtl 

SIC Code 

Thermal Energy 

Rate 


(%) 

(%) 

20 

.72 

2.68 

22 

.89 

3.41 

23 

.48 

4.54 

24 

.67 

3.22 

25 

.75 

3.97 

26 

.75 

3.22 

28 

.82 

4.23 

32 

.98 

3.16 

33 

.79 

0.98 

34 

.89 

3.74 

36 

.89 

3.09 


1. California Energy Commission. Natural Gas Supply and 
Demand for California 1978-1995: Staff Report - Appendix A. 

1978. 
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AGRICULTURAL SECTOR 
Base-Year Demand 

The agricultural sector primarily consumes natural gas 
and electricity.* We used sales data reported to FERC 
by gas and electric utilities in Forms 1 and 2 as well 
as in the Uniform Stat istical Reports of those companies 
to estimate base-year demand . We allocated sales data 
for each utility among counties in that utility's 
service area according to the percentage of total 
farmland served by the utility within a given county 
and adjusted our estimates if two or more utilities 
served a particular county. 


Co-Lo ca bcd Demand 

We assumed that all of the estimated agricultural demand 
within a county is co- located with geothermal resources 
in that county. 


Technically-Sui table Demand 

In California, a large amount of (approximately 79 percent) 
of agricultural requirements for energy are for irrigation, 
and geothermal energy is not thought to be able to displace 
the energy required for these and similar electricity-requiring 
activities. Therefore , we assumed that the remaining (i.e. , 

21 percent) agricultural requirements for energy can be 
met by geothermal energy ^ , and adjusted base-year demand 
to reflect this assumption. 


1. State of California Energy Resources Conservation and 
Development Commission. Process Heat in California ; 
Applications and Potential for Solar Energy xn the 
Industrial, Agricultural and Commercial Sectors . Prepared 
by Jet Propulsion Laboratory. 1978. 

* The same gas and electric utilities which serve the 
residential and commercial sectors serve the agricultural 
sectors . 
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Demand Projections 

Many estimates of growth in agricultural conaun^tion of 
energy in California have been made in recent years . 

However, many of these are on a crop-by-crop basis, 
rather than by county or by fuel category. Therefore, 
we have used CEC estimates of 1.7 percent per year growth 
in electricity use and .6 percent per year growth in natural 
gas uae.^ We have assumed, as in the. case for the 
residential and commercial sectors, that these annual 
growth rates also apply to the period 1998 to 2020. 


MILITARY SECTOR 

The military sector includes major Naval, Army, and 
Air Force installations within California. Estimates of 
base-year demand for these facilities are not available 
at this time. However, we were able to identify those 
facilities which are co-located with geothermal resources. 
Therefore, the demand from these facilities should be 
considered part of the technical ly-suitable market potential 
when estimates become available. 


1. California Energy Commission. Natural Gas Supply 
and^Demand for California 1978-1995; Staff Report - Appendix A . 
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Kxhiblt A. 1 


*1 


INDUSTRIES FORMING 
THE INDUSTRIAL SECTOR 
BY FOUR-DIGIT SIC CODE 


81 r coda Ituiuitrv 

2011 K««t Pricking Pl&nks 

2Blt Poultry Dr«»>ln; Plants 

2026 rluld Kllk 

2013 Cannsd Frurts and Vagatablas 

2034 Oshydratad Prults and Vagatablas 

2037 Frosan Fruits and Vavatablas 

2048 Praparod Faads ( NEC 

20S1 Brsad, Caka, Relatad Products 

2063 Boat Bu^ar 

.077 Animal and Marina Fats and Oils 

2086 Bottlad and Cannad Soft Drinks 

2421 Saw Mills, Planning Mills, Ganeral 


2435 Hardwood, Vanasr, and Plywood 

2436 Softwood, Vanaar, and Plywood 

2511 Wood Household Furniture 

2512 Upholstered Household Furniture 

2653 Corrugated, Solid Fiber Boxes 

281'9 Industrial Inorganic Chemicals, NEC 

2924 Organic Fibers, Noncellulosic 

2841 Soap and Other Detergents 

2865 Cyclic Crudes and Intermediates 

2869 Industrial Organic Chemicals, NEC 

2873 Nitrogenous Fertilizers 

2899 Chemical Preparations, NFC 

3271 Concrete Block and Brick 

3273 Ready Mix Concrete 

3275 Gypsum Products 

3295 Minerals, Ground or Treated 

3312 Blast Furnaces 6 Steel Mills 

3479 Metal Coating, Allied Services 

3621 Motors and Generators A- i j' 


Applicable Counties 

Kern, KUindocino, S*n ternurdlno, San 
Duis Okispo, San Diego 

Riverside, Ban Diego, Sonoira 

Kern, Riverside, Sun Petnurdino, San 
Diego, Shssts, Sonoma 

Riverside, Sonosw, Ventura 

Riverside, Sonoma, Ventura 

San Bernardino, Santa Barbara, Veitu:a 

San Diego, San Bernardino, Riverside, 
Ksrn, Imperial 

Imperial, Inyo, San Bernardino, Santa 
Barbara, San Diego, Sonoma 

Santa Barbara, Is4>arial 

Ventura 

Riverside, Ran Bernardino, Santa 
Barbara, San Diego, Shasta, Ventura 

Sonoma, Siskiyou, Shasta, Ear. Luis 
Obispo, Ban Bernardino, Plumas, 

Monterey, Modoc, Mendocino, Daks, 
basssn, Kern 

Shasta, San buis Obispo, San Bernardino, 
Monterey, bake 

Mendocino, Shasta, Siskiyou, Sonosw 

Mendocino, Monterey, Riverside, 

Sen Diego 

Monterey, San Bernardino, San Diego 

Monterey, Riverside, San Bernardino 
San Diego, Ventura 

Kern, Monterey 

San Diego 

San Diego 

Monterey, Ean Bernardino 
San Diego 
Imperial, Monterey 
Monterey, Napa, Riverside 
San Bi’rnardino, San Diego 

Kern, Monterey, Riverside, San Bernardino, 
Pan Diego, Sonoma, Ventura 

Imperial 

Monterey, Riverside, San Bernardino 
San Bernardino, Ban Diego 
Monterey, San Bernardino, San Diego 
Santa Barbaia, San Diego 


I 

i 


i 
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9.13 
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16.24 
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0 

.22 

1.30 

3.60 

7.92 

14,33 
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• Market Doaund 

30.42 

41.09 

44.71 

40.64 

52. V2 

57.57 

00. t' 

a Market Potential (2)* 

0 

.41 

2. 20 

6.00 

12.26 
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4V.4 ’ 
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• Market Danand 

(S.M 

71.31 

70.02 

07.15 

96.42 

106.74 

161.4 

• Market Potential 

0 

.63 

3.50 

9.60 

20.11 

34,5’ 

. 77. /. 

* Nuiaber In parentbeaea refera 

to the apeciilo market 

penetration curve 

used in 

the end'uae i 

sector in this 

county. 
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KERN COUNTY 



Summary of Rea ourco Ro Lon tial 



* Kez^ourctt Potential for >* I50<^C resourc -.i is estimated beneficial heat as calculated by the U8GS» 

Su mmary of Market Potenti al 


r.ND-llSB SECTOR YEAR 



r?7s 

OTo 

1984 

l9$0 

1595 

— iffsr 
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Re s i don t i a l/CoRunur ci a 1 
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• Karket Demand 

2,3S^.OO 

2,362,91 

2,378.63 

2,401.51 

2,432.38 

2,472.21 

2,745. 


• Market Potential (2)* 

0 

-23.63 

121.31 

296.11 

563.31 

068,09 

1,683.: 


Industrial 








] 

# Market Demand 

6&6.90 

796.^3 

958,75 

1,155.35 

1,399.53 

1,682.26 

3,602,1 

I 

e Market Potential (S)* 

5 

15.93 

99.79 

292.65 

682.41 

1,299.88 

3,241.'- 

1 

Agricultural 








1 

i 

• Market Demand 

60R.34 

626. 9B 

662.52 

700.32 

740.97 

784.55 

993. i 

i 

• Market Potential (1)* 

0 

6.27 

33.79 

108.61 

199.99 

251.77 

54b. 1 ’ 

1 

j 

Total 








'i 

e Market Demand 

3,642.24 

3,786.22 

3, *>^9.90 

4,257.18 

4,572.88 

4,939.02 

7,341.n 

] 

e Market Potential 

0 

4S.B3 

254.89 

697.37 

1,4'5.71 

2,419.74 

5,473.. 



I 

I- 

1 * Number in parentheses refers to the specif ,c market penetration curve used in the end-use sector In this county. 
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LAKE COUNTY 


SuBBoary of Resource Potential 
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90®C •0-li0®C* 1S0®C 



(») 


(loi)’ 

do" Btus) 

(MW.) 

('•€<yii«rs 

3W t 1 

HA 
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4 

6.7 t K* 



IS 
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HA 

D.O s l&.O 
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Wilbur Springs Aree 
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* 

U.9 t 4.0 


246.40 


i lvalk Hountain Area 

in 1 i 

NA 

NA 

1.1 1 0.9 


90.24 



‘ Pot*ntl4l for 90C> » 150<^C i«soukc«ii OBtiRuitAd beneficial heat as calculated by tha USGa». 
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0 

7.15 
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0 

0 

e Market Potential (5}* 

0 

0 
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e Market Demand 

20.10 
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e Market Potential <2)* 

0 

.10 
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e Market Demand 

740.44 

745.17 

e Market Potential 

0 

7.45 


)tZM 


Ml 

FM 
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730.54 

737.53 

736.50 
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16.75 
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0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
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• Numbai: In parentheses refers to the specif Ic market penetration curve used In the end-use sector in this county. 
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• Market Potential 
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0 
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12.47 
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e Market Demand 
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a Market Potential 
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• Number In parentheeee refers to the specific market penetration curve used in the end-use sector in this county. 
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9b. 77 

4. *5. 09 
149.27 

4/1.54 
2H9 0- 

Industrial 

• M.irket nemand 

• Kuiket Potent ial (S)* 

1(»9. \} 
U 

1.44 

1/S. 92 
18. 31 

1/9.8/ 

IS.S6 

184.07 

89.75 

188 . 55 
145.69 

209 (. < 
1PB.6 ' 

Agricultural 

• Market Demand 

• Market Potential (M* 

110.49 

0 

117.29 

1.17 

126.42 

6.4S 

136. 33 
21.14 

147.07 

39.69 

15H.72 

50.91 

216.06 
» 1 * >4 

Total 

• Market Demand 

• Harkvt Potential 

681.48 

Q 

69 i.2b 
0.6S 

709.06 

4S.S1 

/.■8. 17 
117.50 

748.98 

?2b.21 

772.36 

345.89 

89».,M 

597.01. 


• Numb«r in pAr<mth«a«s rof«ra to th« apwcJfic m«rk*t ponv^ration curve used In the end-use sartor in tills county, 
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MODOC COUNTV 

Sunanary of Reaource Potential 


Res«i\ice« 

AVettn^e 

TaaqiMreturs 

(«C) 

Depth of 

Hells 

(») 

HiMsber of 
Mells 

Avsta^ie 

Volusw 

(k*)’ 

R..OUXO. rotfotlel 
SflOc SO-i&oRc* 150“C 

do" »tus) IMM.) 

Surprise Valley 

1S2 i 12 

1100 - 200D 

t 

210.0 1 00.0 



1490 

Part Bidwttll 

135 1 17 

HA 

NA 

3.3 t 0.9 


61.62 


West Valley Reservoir 
hot Springs (Lassen) 

143 1 3 

HA 

NA 

3.3 t 0.9 


65.41 


Kelley Hot Spring 

111 t ID 

970 - 1035 

2 

3.3 t 0.9 


53.09 


Basset Hut Spring 
(Lassen) 

98 1 7 

HA 

HA 

3.3 i 0.9 


41.71 


Surprise Valley 

40 ’139 

60 ’ 655 

4 

HA 

V.S 




* Resuurctt Potential for 90^ - 150*^C rtfsourcaa is estimated beneficial heat as calculated by the J8GS. 


Summary of Market Potential 


ENP-USK SECTOR TEAR 



rm 

— JUT 

— HU 

— SSa 

— H95 


5cl2o 

Re 8 i den t i a 1/Comme rc ia 1 





• 



• Marlcet Demand 

14.52 

15.52 

16.90 

18.39 

20.00 

21.77 

30. *3 

• Harket Potential (0)* 

0 

0 

0 

0 

0 

0 


Industrial 








• Market Demand 

35.12 

39.87 

46.71 

54.73 

64.13 

75.14 

141. «. 

• Market Potential (5)* 

0 

.80 

4.86 

13.86 

31.27 

58.06 

127. < 

Agricultural 








• Market Demand 

.003 

.003 

.003 

.004 

.004 

.004 

.0' 

• Market Potential (2)* 

t 

t 

t 

t 

t 

t 

1 

Total 








• Market Dtunand 

49.643 

50.393 

63.613 

73.124 

84.134 

96.914 

172.1 

• Market Potential 

0 

.803 

4.86 

13.86 

31.27 

58.06 

127.4 


* Number in parentheses refers to the specific market penetration curve used in the end-use sector in this county, 
t Potential is negligible. 
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MONO COUNTY 


Summary of ’Resource Potential 


Resource 

AVer a^e 
Temperature 

(®C1 

Owpth of 
Wells 

(«) 

Humher of 
Wells 

Aveieye 

Volume 

0c«>* 

Raiicuic. 

«C»C 90-15B”C* 1S0®C 

(lo“ (MH.) 

Valley Celdvre 

JJ7 * 10 

up to 21QQ 

> 1 

ns.o « ib,o 


2100 

KurCh Shoxe Ht>no leke 

100 1 1 

1000 

> 1 

5. 3 » 0.9 


43. .I 1 

Grovers Hot Sprinijs 

li6 t 6 

NA 

HA 

3.3 * 0.9 


56.111 1 

tales Hot Springs 

U6 t 12 

120 

» 

3.3 • 0.9 


52.14 1 

Rridqeport 

50 

290 

2 

MA 

Yes 

1 

1 

Lake 

f>t 

241> - 741 

2 

NA 

Vo. 

1 

1 

Hucktfye (lot Splines 

101 t k 

4(A 

HA 

3.3 ♦ 0.9 


41.61 i 

Travertine Hot Springs 
Atee 

in ♦ 10 

300 

1 

3.3 i 0.9 


49.10 1 

1 

! 

1 

i 

t 

1 


• Rosourca Pv>tantial for 90” - 150°C reNOurcen la cstlitatod bcnaficiaX hast a« calculatod by tho USGS. 


Summar y o f_ Mar ket Pot cri t i a 1 


KNO-USK f’KCTOR 




YEAR 





IW£ 

19H0 


19§^ 


2Q0iT ■ 


Resi Jential/Commercidl 








e (Market Demand 

15.99 

17.54 

19.69 

22.13 

24,90 

28.02 

45. U 

e Harket Potential (o)* 

0 

0 

0 

0 

0 

0 

0 

Industrial 








e Harket Demand 

0 

0 

0 

0 

0 

0 

u 

e Market Potential (5)* 

0 

0 

0 

0 

0 

0 

(' 

Agricultural 




> 




• Harket Demand 

3.29 

3.52 

3. S3 

4.17 

4.54 

4.94 

6.9.' 

• Market Potential (2)* 

0 

.04 

.20 

.51 

1.05 

1.73 

4.24 

Total 








e Market Demand 

19.28 

21.06 

23.52 

26.30 

30.49 

32.96 

52. ?H 

• Market Potential 

0 

.04 

.20 

.51 

1,05 

1.73 

4.24 


* Hurrbcf in parentheses refers to the specific market penetration curve used in the en«j>use sector in this county. 
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HONTBREY CCXJNTY 

Sunanary of Ragourca Potential 


Msouree 

Average 

Temperature 

<«C) 

D«»pth of 
Mella 

(m) 

Nuabar of 
Walls 

Average 

Volume 

OoeJ* 

heso 

»0»C 

( 

iirce Pote« 
K»-1M*C* 
lO** Ktue) 

itial 

150*C 

(HMt) 

Low Temperature 
Thermel Mater 









• Raaoutca Potential lor 90“ - 150“C roaourcea ia eatiaated beneficial heat aa oaloulated by the USOS. 

Summary of Market Potential 


ENP-USB SBCTOK »MI« 




im — 

— ms — 



vm 


7o5u 

Aesidential/Commercial 
e Market Demand 
# Market Potential 

(3)* 

1,963.71 

0 

1,969.93 

0 

1,981.42 

19.81 

1,997.50 
101. B7 

2,011.17 

24B.(I4 

2,045.54 

552.09 

2,225. U 
1,090.64 

Indue trial 

e Market Demand 
e Market Potential 

(«)* 

470.76 

0 

533.25 

0 

623.14 

12.46 

728.19 

75.79 

■90. 9S 
215.55 

994.41 

485.12 

1,B54.4l 

1,668.9b 

Agricultural 

e Market Demand 
e Market Potential 

(3)* 

228.61 

0 

242.72 

0 

261.64 

2.62 

282.16 

14.39 

304.41 

37.53 

328.53 

88.67 

447.31 

219.22 

Total 

e Market Demand 
e Market Potential 


2,663.08 

0 

2,745.90 

0 

2,866.20 

34.19 

3,007.15 

192.05 

3,171.53 

501.92 

3,368.48 

1,125.88 

4,527.09 

2,978.82 


* Humber in parentheses refers to the specific market penetration curve used in the end'*^une sector in this county* 
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NAPA COUNTV 


Suiwnary of Resource Potential 


He source 

Average 
Tes^retut e 

(®C) 

Depth of 
Wells 

(»J 

Number of 
Wells 

Average 

Volusie 

(km)’ 

IMsource Potential 
»0«C »0-lS«»C* 1S0»C 

(io” Btus) (HHe) 

Csllsto^A Hot Sprlivga 

1 

610 

HA 

6.9 t 1.9 


137.46 



* Resource Potential for 90C> «> 150°C reaourcea is estinated beneficial heat as osloulated by th« USCS. 


Summary of Market Pot e ntial 


FND-USB SECTOR 





YEAR 






YfU 

1^ 

19a? 


rsTg 



Residential/Commercial 

• Market Demand 


2,724.99 

2,733.21 

2,749.18 

2,771.48 

2,800,85 

2,836.12 

3,087.5 ' 

• Market Potential 

(i)» 

0 

27,33 

140.21 

429.80 

755.95 

910.78 

1,705. 14 

Industrial 

• Market Demand 


24.54 

28.97 

35.62 

43.80 

53.92 

66.34 

151.91 

• Market Potential 

(5)* 

0 

.58 

3.71 

11.09 

26.29 

51.26 

136.72 

Agricultural 

• Market Demand 


36.28 

38.52 

41.53 

44.76 

48.31 

52.14 

70.9'J 

• Market Potential 

(D* 

0 

.39 

2.12 

6.94 

13.04 

16.73 

39.21 

Total 

# Market Demand 


2,765.41 

2,800.70 

2,826.33 

2,860.06 

2,903.08 

2,956.60 

3,310.4 1 

e Market Potential 


0 

o 

ce 

146.04 

447.83 

795.28 

978.77 

1,881.2/ 


• dumber in parentheses refers to the specific market penetration curve used in the end-use sector in this county. 
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PLUMAS COUNTY 


Summary of Resource Potential 


Resource 

Average 

Temperature 

(•C) 

Depth of 
Welle 

Cm) • 

IMimber of 
Wells 

Rv*ra«. 

VeltM 

Ooa)’ 

Rasouxoa Potential 
»0»C »0-lS0<>C* 1M*C 

(lo" Rtu.) (hK.) 

Moigon-Orowler Rpringt 
(Lessen, Shesta) 

217 t 15 

NA 


0.3 t 2.6 



116 

El.rra Vall.y 

125 i 6 

680 


10.0 t 1.2 


u*.c» 


Ruaanville (Lassen) 

36 - 49 

90 - 100 

2 

NA 

Yes 




* Resource Potential for 90®- 150^ resources is estimated beneficial beat as calculated by the USGS. 


Summary of Market Potential 


END-U&E SECTOR 


Redden tla 1/Connercial 
e Market Demand 
e Market Potential (2)* 


nn — 

132.17 

0 


1M~ 

132. B2 
1.33 


UST” 

133.90 

C.B3 


YEAR 

1555 

135.35 

16.69 


137.19 

31.77 


ISM 

139.49 

48.99 


IM 


154. 4<. 
94. 6K 


Industrial 

e Market Demand 
e Market Potential (S)« 


161.48 

0 


183.31 

3.67 


214.78 

22.35 


251.66 

63.75 


294.88 

143.78 


345.51 

266.98 


651.21 

586.11 


Agricultural 

e Market Demand 
e Market Potential (2)* 


20.24 

0 


21.49 23.17 

.21 1.18 


24.99 26.96 

3.08 6.24 


29.10 39.6) 

10.22 24.29 


Total 

e Market Demand 
# Market Potential 


313.89 

0 


337.62 371.85 

5.21 30.36 


412.00 459.03 

83.52 181.79 


514.10 845.37 

326.18 705.0b 


* Number in parentheees refers to the specific market penetration curve used in the end*use sector in this county. 
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RIVERSIDE COUNTY 


Summary of Retiou rce 1‘obontial 



AV«r«^« Ck>|>iti of NuMlntr oC 

TvM^tAtur* Wvlls 

(«C) (») 


Pil9«t Hoi Springs 

CoACh«rU« Hot Sprlii^i 
(lAptrriAl) 


Volu»« 


3.3 t 0.9 


Waouzuo Fofential 
•0*C X50*C 

OO^ HtiiB) <MU«) 



* lUftouccs Potential fur 90<>-IS0H* ruftourcos is outiMated bcnsficisl heat as calculated by ths U2»CS. 

Summary of Market Potential 


END-USE sector 


■(■■idantial/Comncrclal 

• Kackot Dotsand 

• Markst Potential (1)* 


2,103.63 2,116.54 2,138.60 

0 21.17 109.07 


2,168.00 2,20S.60 

336.21 595.29 


2,252.43 2,577.6/ 

722.83 1,423.7. 


Industrial 

• Harket Demand 

• Harket Potential (5)* 


1,373.25 

142.93 


1,602.03 

405.79 


1,870.04 

911.83 


2,184.12 4,091.01 

1,687.67 3,681.**> 


Agricultural 

e Harket Demand 
e Harket Potential (2)« 


Total 

e Harket Demand 
• Harket Potential 


3,628.56 

257.95 


3,893.39 4,206.12 

757.21 1,537.34 


4,574.67 6,643.41 

2,459.00 5. 212.7' 


Number In parentheses refers to the specific market penetration curve used in the end-use sector in this county 
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SAH BERNARDINO COUNTY 
Suggaary of ReKOurcc Potential 


Keaourae 

Av*z*«* 

Timp»r«taf 

D«pth ot 

Kuftber eC 
Hells 

Av«r*«a 

VeliHi* 

ItoMtatM rot«.tlal 
»-lM*C* 1M*C 


(“C) 

(ft) 


Oo»>* 

do" Stus) 

(HW.) 

RaiMtaboctf <Kern) 

172 < 2» 

221 

1 

*.« 1 2.1 



• 4 

Arro%riiaad Itot Aptiogs 

112 t « 

NA 

NA 

3.3 t 0.9 


00.07 


Taoepa ttot aprines 
(Inyo) 

12« i 10 

NA 

MA 

3.3 t 0,9 


00.11 


Trono Hot Sprinaa 
(Inyo) 

M - 5t 

12 - 1S2 

4 

NA 

V.. 



Taoopa Hot Springs 
(Inyo) 

27 - 4t 

122 

1 

HA 

ires 




* K«»Qurott Potential Cor 90® - 150^ resouroas ia •sfciiMtad banaCloial baat as caloulatad tba USQf . 


Summary of Market Potential 


EtlO-USB ggCTOH VBA« 





— n*5 — 

— nn — 

— SH 

—ms 

5M 

— JM 

lt..idw>ti.l/Co«iMrcial 

• Markat Daiiiand 

• Markat Potantial (2)* 

1,390.72 

0 

1,397.«9 
13. 9t 

1,410.55 

71.94 

1,437.75 

177,27 

1,450.03 

335.01 

1,470.02 

510.99 

1,062. B' 
1,019. 

Industrial 

e Market Demand 
e Market Potential (S}« 

1,294.34 

0 

2,B73.44 

57.47 

3,2S».71 

342.29 

3,774.99 

950.20 

4,34S.S3 

2,lll.*l 

5,015.59 

3,075.55 

9,130.2 

B,222.5'4 

Agricultural 

. Markat Datund 
• Markat Potantial (2)* 

4CB.34 

0 

419.11 

4.09 

510.03 

20.35 

540.10 

07.33 

577,70 

133.79 

011.57 

214.75 

773, 9:> 

474. 4t 

Total 

. Markat Daiaand 
• Markat Potantial 

3,153.40 

0 

4,710.44 

70.34 

5,215.09 

440.53 

5,750.04 

1,200.00 

0,373.20 

2,500.40 

7,105.11 

4,«0».2» 

ll,572.9'> 

».71»,3i 


Nunbar in parantbasaa raCara to tha apcoiCio Mrlcat penetration curve used in the end*>use sector in this county 
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SAN DIEGO COUNTY 

Suaaaary of Rfourca Potantial 



* ItoAourcft Potential tor ^ 150^ neaouvcaa is aatiMate^ banaficlal h4»at aa calculated hy the USGS. 

S vtnnary of *farkct Potential 


EWP-U Sg SfXTO R VCAR 



X9T6 

— HH 


1990 

~sn — 


^?o 

Res ident i al/Cown« rc ial 
e Market DcNsand 
e Market Potential (3)* 

43,59h.6l 

0 

43,104.24 

0 

42,522.91 

425.23 

41,979.69 
' 2,140.96 

41,476.66 

6,432.20 

41.016.28 

11.070.29 

39,666. 

19,44( 

Industrial 

e Market Demand 
e Market Potential (6)* 

4,107.06 

0 

4,770.00 

0 

5,757.95 

115.16 

6,959.17 

724.31 

8,420.60 

2,132.94 

10,199.75 

4,973.40 

22,159 

19,943 

Ayricultural 

e Market Demand 
• Market Potential (4)i* 

91.86 

0 

97.72 

0 

105.59 

1.0« 

114.12 

5.92 

123,38 

15.21 

131.43 

30.90 

183. 

101. 

Total 

• Market Demand 

• Market Potential 

47,794.53 

0 

47,971-95 

0 

48,399.44 

541.45 

45,052.99 

2,971.09 

50,020.94 

9,590.35 

51,349.45 

16,074.59 

62,009 

39,48‘j 


• Niimbar in parentheses refers to the specific market penetration curve used in the end'^use sector in this county. 

I 
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BAN LUIS OBISPO COUNTY 
SuBamry of R««ource Potential 



* R«»ourc« Potential for 90^ >* 150<H: reaoucoas is astimatad hanafioial iMiat aa cMiloulafcod by tba USOS. 

SumniarY of Market Potential 


g»D-USK SeCTOH tKAM 




ii?i 


— KW 

— rws 

— IM 

2M 

— 

Itaa i dan t i a I/CoMM rc ia I 

• HazKct Dwiand 


293.64 

301.97 

313.93 

327.12 

343.91 

362.50 

469.22 

a Market Potantial 

(«)• 

0 

0 

3.14 

16.72 

42.40 

• 3.95 

260.67 

Industrial 

a Harkat Daaiand 


32a4i 

36. S4 

41.71 

47.61 

54.34 

62.02 

105.26 

a Harkat fotaatial 

(*»• 

0 

0 

.•3 

4.96 

13,76 

30.24 

»4.71 

n^rioultural 

a Harkat Daauind 


190. S4 

19S.6S 

202.25 

20P.il 

21(,2S 

223.61 

255.99 

a Harkat Potantial 

(3)‘ 

0 

0 

2.02 

10.66 

11.54 

50.17 

125.45 

Total 

a Harkat Daaiand 


467.01 

S34.16 

557.09 

514.54 

614.50 

649.24 

•30.47 

a Harkat Potantial 


0 

0 

5.99 

32.34 

•9.70 

174.56 

490. 96 


* Number in parantbasas rafara to the apacific maikat panatjratloa curve uaad in tha and'uaa aactor in thia county 
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8AWTA BARBARA CCXJNTY 
SunBuiry of R«»ourc« Potential 



* M»o«irc€ Potftntlal for 90^ ■* 150^ r«i»ourc«« ««ti3Mt»d b«MficiAl h««t «» caloulAtaU by th« USG6. 


Sum mary of Market Poten tial 


g»0«0S8 ggCTOK 




mi 

1!!5 

— as — 

—1515 

as — 

— 

|05o 

Kcnidantial/CoWMirci*! 

e Narket Demand 


980.71 

986.85 

997.28 

1,011.12 

1.02*. 73 

1,050.01 

1,192.' 

• Market Potential 

U)* 

0 

0 

9.97 

SI. 57 

159.54 

2B3.S0 

504.5 

Industrial 

e Market Demand 


1,492.00 

1,658.68 

1,893.47 

2,161.50 

2,467.48 

2,816.77 

4,78 

e Market Potential 

<*)• 

0 

0 

37.87 

224.97 

625.01 

1,373.40 

4,305.2** 

kgrieuxtarel 

e Market Demand 


102.72 

105.19 

lot. 14 

111 59 

114. ,4 

m.39 

131.2 • 

c Market Potential 

(31* 

0 

0 

l.Cii 

5.69 

14.17 

27.42 

74. o;' 

Tout 

e Market Demand 


2.S7S.43 

2,750.72 

2,9M,0» 

3,2M.21 

3,011.15 

3,985.77 

6,109.54 

e Market Potential 


0 

0 

«8.92 

2t2.23 

790.72 

1,004.44 

4, 963.81 


Number in parentheses reCera to the specifio market penetration curve used in the end-use sector in this county 
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SHASTA COONTY 


Summary of Peaource Potential 



Avcru^c 

7«*p«r«fcujr« 

£>«^feh of 
Vmllm 

Munbes of 
Wells 

Awsra«a 

Volvsas 

«®C fM50^‘ 1550c 


(°C) 

(»} 


{k*)’ 

(10 Btus> 

(IWa) 

Hc/rv^rn'CroMlttr tprln^e 
{LAnf /flxmutm) 

J17 « 15 

NA 

«A 

».l » 2.S 



no 

liig Bend Hot spetnos 

lU t 9 

HA 

NA 

3.J t 0.9 


52.14 






% 





■ Rasouic* Potantial tor 90° - 150°C reaouroaa Is cstimifced bBDeflcli.A beat as caloulatsd by tha DPGS. 


Summary of Market Potential 


EMD-USg SECTOR VEAR 




WI 

mo 

X96S 

— Sli 

nn 


— IM 

Rastdentiul/Commerolal 

• HarKat Demand 


491,69 

49^.62 

493.09 

495.27 

498.47 

S02.78 

534. «-■ 

• Market Potential 

(2J» 

0 

4.92 

25.15 

61.07 

115.44 

176.55 

336.9 . 

Industrial 

• Market D<»Rand 


499.01 

565.85 

662.36 

774.82 

906,70 

1,061.06 

1,990.6. 

• Market Potential 

(5J. 

0 

11.32 

68.94 

196.26 

442.11 

- 819.88 

1,791.56 

Agricaltural 

• Market Demand 


10.93 

11.19 

11.52 

11.87 

12.23 

12.59 

14.1/ 

• Market Potential 

(2)* 

0 

.11 

.59 

1.46 

2,83 

4.42 

8.6'j 

Total 

• Market Demand 


1,001.65 

1,O60.S6 

1,166.97 

2,261.96 

1,417.40 

1,576.43 

2,538.81 

• Market Potential 


D 

16.35 

94.68 

258.79 

560.38 

1,000.85 



• Munber in parentheses refers to the specific market penetration curve used In the end-use sector in this county 
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SISKIYO COUNTY 


Sunanary of Regource Potential 


Resource 

Avera^ 

Tnsperature 

(»C) 

Depth of 
Wells 

(») 

HuMbec of 
Wells 

Average 

VolvMMe 

0»* 

Hesouiee Potential 
»0«C 90-150 150»C 

do" Btua) (HHs) 

B»«nd Hot Rprlnij- 
(Shaata) 

116 t 9 


HA 

3. J i 0.9 
> 


92.14 



* nosourc* Potential for 90^ - IS0°c resourcffs is dstlmated beneficial heat as calculated by the U8GB. 


Outiuiiary of narkefc Putenbial 




nre 

rw5 


—rm 

vfn 

~mh 

~ nrn 

Residantial/Commercial 

e Market Demand 


.0004 

.0004 

.0005 

.0005 

.0006 

.0007 

.00 

• Market Potential 

(0)* 

t 

t 

t 

t 

t 

t 

t 

Industrial 

e Market Deman'l 


401.84 

456.15 

534.47 

626.25 

733.78 

859.77 

l«620.5 > 

e Market Potential 

(5)* 

0 

9.12 

55,63 

158.63 

357.79 

664.34 

1,450. 5i) 

Agricultural 

• Market Demand 


.004 

.004 

.004 

.005 

.005 

.01 

.OT 

• Market Po'. antial 

(J). 

0 

t 

t 

t 

+ 

i 

t 

Total 

• Market Demand 


401.8444 

456.1544 

534.4745 

626.2555 

733.7856 

859.7807 

1,620. 

• Market Potential 


0 

9.12 

55.63 

158.63 

357.79 

664.34 

1,458. 


* Humber in patenthoeee refer* to the epeclfic market penetration curve uaod in the end-uao aector in this county. 
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SONOMA COUNTY 


SuR unary of Rosourco Potenti al 


Ke source 

Avitrsqe 
To<*(>«r Aturo 
(®C) 

Depth of 

Wulls 

(••> 

NuMber of 
Hells 

Avere^ 

VoluMe 

<k»)* 

Msource Fotoutiel 
90»C »0-140«C* !»«<« 

Clo“ Btual (HWa) 

2ik«q«js Rot 

in t 11 

NA 

NA 

t 1,9 


r 1 

90.24 



« H»)»ouic 9 Totenti*! fur 90^^- resources is ostlmeted beneficiAl host «• eslculatod by tho USCS. 

Sununary of Market J’otontial 


EN^USE Kr.^TO? 




I5Ti6 

1 ®" — " 

“Fil 

■* iror — ■ 


>000 

20/^ 

Re ■ i de n t i a l/Comoaroia 1 

e Market Demend 


24782.04 

2,790.28 

2,805.79 

2, 827.64 

2,856.69 

2,893.63 

1,142.1' 

• Herket Potentiel 

(i)* 

0 

27.90 

141. li> 

418.52 

771.02 

9:?8,57 

1,71S.M 

Iiiduatrial 

• Herket l^cHiumd 


468.7S 

527.90 

612.51 

710.78 

824.97 

957.63 

1,741. It. 

e Herket rotentiel 

O)* 

0 

10.56 

63.75 

180.04 

402.26 

339,96 

1,566. 1.‘ 

Agricultural 

a Market Danand 


95.76 

101.66 

109.58 

118.17 

127.48 

137.58 

187. 7 > 

e Metkat Hotentiel 

(D* 

0 

1.02 

5.59 

18.33 

34.41 

44.15 

101. 4** 

Total 

e Herket Demand 


3,146.65 

1,419.84 

3,527.88 

3,656.64 

3,809,14 

3,988.84 

5,070.8.' 

a Market Potential 


0 

39.48 

212.44 

636.89 

1,207.69 

1,712.68 

3,405. 2H 


• HurnUit in p»rontlio»«» ratacM to th« »p»oitic »»rk«t p»n«tv«tion cueva u»aJ in tim ond-u»e aactor in lhl» county. 
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VEI7TURA COUNTY 


Summary of Raaource Potential 


Resource 

Average 

Temperature 

(»C) 

Depth of 
Kells 

(n) 

Kund>er of 
Kells 

Average 

Volume 

(Km/ 

Resource Potantiel 
»r<>c »e-i50®c* i50“c 

( 10 “ Btu,) (HM.) 

Sespe Hot Springs 

131 8 

■ 

NA 

NA 

3.3 1 0,9 


58.78 

1 



* Resource Potential for 90^ ** ISO^^C resources is estimated beneficial heat as calcula'ed by the USCS. 

Summary of Market Potential 


END-USE SECTOR 




YEAR 





TJTi 

I?lo 

1985 

* 


^o5o 

— 

Re B iden ti a 1/Commerc ia 1 
# Harket Demand 
e Market Potential (1)* 

4,508.18 

0 

4,597.31 

45.97 

4,596.66 

234.43 

4,665.89 

723.59 

4,753.37 

1,282.93 

4,861.38 

1,560.07 

5,545.9. 

3,063.,'/ 

Industrial 

e Harket Demand 
e Market Potential (S)* 

65G.40 

0 

730.30 

14.61 

834.53 

86.86 

953.65 

241.56 

1,087.66 

530.34 

1,245.44 

962,35 

2,124.9 f 
1,912,44 

Agricultural 

a Harket Demand 
e Harket Potential (2)* 

33.02 

0 

33.61 

.34 

34.82 

1.78 

35.87 

4.42 

36.94 

8.55 

38.05 

13.36 

42. HI 
26.24 

Total 

• Marks . Demand 

• Harket Potential 

5,197.60 

0 

3,561.42 

60.92 

5,466.01 

323.07 

5,655.41 

969.57 

5,877.97 

1,821.82 

6,144.87 

2,535.78 

7,713.71 

5,001.0, 


* Number in parentheses refers to the specific market penetration curve used in the end-use sector in this county. 
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EXECUTIVE SUMMARY 


Introduction 

• Over 90% of Hawaii's energy needs are supplied by foreign 
imports of fossil fuels. 

• The State's governments and businesses are aggressively 
seeking alternatives to the dependence on foreign supplies. 

• Over the past year and still continuing, a number of research 
projects on geothermal resource locations, economic and engineering 
feasibility of electricity generating and direct applications of 
hydrothermal fluids have been taking place. 

f Based on potential resources and need, Hawaii is a crime 
candidate for direct applications of hydrothermal fluids in industrial 
and agricultural processing. 

• The State's limited heavy industrial activiv* the climatic 
conditions, and its island formations are considered to be limiting 
factors associated with the commercialization of direct application. 

Key Assumption 

t isothermal reservoirs were assumed to be at great depths 
(over 5,000 feet) and high temperature (greater than 150° C). 

• High exploration and development costs and the costs of 
transmission, royalties, and other infrastructure costs combined with 
retrofit and backup system costs will prevent geothermal energy from 
being dramatically cheaper than other energy sources. 

• Institutional, legal, political, environmental, and ownership 
barriers will be overcome. 

e Private industry will have the primary responsibility for the 
commercialization of industrial direct applications. 

t Potential users will connect to available hydrothermal fluid 
resources if made available. 

• Electricity generation will be the primary force behind 
development of geothermal reservoirs and direct applications will follow. 
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§ Hawaii's location, present economic base and water shortage 
concerns will tend to dissuade new, large energy intensive industrial 
operations from locating Hawaii. 

(Comment: This is a controversial assumption, but is derived 
from a consensus of opinion by industry and government persons interviewed.) 

• Hawaii's sugar factories will utilize geothermal for both 
direct applications and electricity generation. 

• Alternative energy sources will eventually compete with each 
other and may slow development. 

(Comment: The State is currently conducting research projects 
in solar, OTEC, biomass, wind, and geothermal energy resources.) 

Methodoloiv 

• Baseline data was developed for all non-transportation and non- 
military energy consumption in 1975 by County and by SIC classification. 

• Direct industrial heating and water heating energy consumption 
were considered the potential market for geothermal direct application. 

• Space conditioning was not considered a primary potential due 
to the lack of space heating and the availability of data on air 
conditioning consumption. 

(Comment: Air conditioning is generally confined to office 

buildings, retail outlets, hotels, and higii rise condominiums.) 

• The 20 potential sites identified by the Hawaii Institute of 
Geophysics were used as the State's reservoir bas.^. 

f Growth estimates for potential g^'^hermal applications were 
based on the State's energy, population, and tourism projections and 
a survey of industry. (The estimates were made by County and by 
resource. ) 

• Market penetration projections were derived by assigning a 
rate of retrofit activity and new market penetration. The rates vary 
by County and in some cases, by industry. 


Conclusion 


• Tables A and B summarize the estimates for potential geothermal 
use and the projected geothermal capture. (The formulas for deriving the 
forecast are attached to the tables.) 

t All four of Hawaii's counties have potential geothermal resources. 

• Over 80% of State's population, commerce and industry are within 
potential geothermal markets. 

• By 2020, 40% of the industrial energy requirements could be 
provided by geothermal. 

> Geothermal estimated captures is 10% of the State's forecasted 
total non-electric energy usage excluding transportation and electricity 
generation. 
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TABLE A 


A' Energy Use in Hawaii. County and consumption by end user data. 

B' Energy from expected retrofit of co-located sugar companies plus: 

Honolulu « 20 % retrofit beginning in 1985 of Campbell Industrial Park 
by 2000. IS per year of all other potential retrofit starting in 
1985 through 2020. 

Hawaii - IS per year beginning in 1985 through 2020. 

Kauai - IS per year beginning in 2000 through 2020. 

C 50% of new growth beginning in 1985 for Honolulu, Hawaii, and starting 
in 2000 for Kauai. 

O' 1975 X growth factors. 
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TABLE B 



RESIDENTIAL/COMMERCIAL MATER HEATING 
HAWAII 


POTENTIAL GEOTHERHAL USE 
4 counties evaluated 
(of 4 counties considered) 


Total 

FORECAST GEOTHERMAL CAPTURE 
Retrofit 'c‘ 

New Growth Capture 'd' 


1975 ENERGY USE 
BTU X 10^^/YR 

1985 ENERGY USE 
BTU X 10^^/YR 

2000 ENEI»1Y USE 
BTU X 10^^/YR 

2020 ENERGY USE 
BTU X 10^^/YR 

60.63 

i 

j 

88.59 

158.93 

293.23 

•a* 

1 

•b' 

•b‘ 

•b* 

1 

60.63 

88.59 

i 

' 158.93 

293.23 

-0- 

1.506 

2.945 

1 

8,720 

-0- 

-0- 

2.394 

10.589 


Total 


- 0 - 


1.506 


5.339 


19.309 

















Table B 


a‘ Energy Use in Hawaii. County and consumption by end user data. 

b' Gnwth rates taken fn» projections by the Hawaiian Electric Company 
and State population projections. 

c' It per year retrofit rate for all counties beginning in 1990 except 
Kauai which starts in 2005 at a U retrofit rate. 

d' Step increases for all counties except Kauai, starting in 1985, to 
a maximum of 30S of the new growth by 2000. Kauai begins in 2000 
up to a maximum of 30% by 2015. 
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I. INTRODUCTION 


Ever since the OPEC embargo of 1973, Hawaii's governments, businesses, 
and residents have been ver> concerned about the State's vulnerability to 
foreign fossil fuels. The State legislature, the administration, the local 
governments, the University and businesses have been very aggressive in their 
efforts to achieve energy self-sufficiency. Currently, the State is actively 
promoting a state-wide energy conservation program, conducting research on 
various types of alternative energy resources and reviewing legal, political, 
and institutional barriers to the development of commercialization of various 
alternative energy resources. With the support of the federal government, 

Hawaii is rapidly gaining a great deal of expertise in alternative energy devel- 
opment. 

Of the several alternative energy resources suited to Hawaii's climate, 
location, ?nd geology, geothermal development has been viewed as one of the 
most promising and feasible alternatives. The successful drilling of Hawaii’s 
first geothermal well, and the quality of the resource, have encouraged govern- 
ment and business to attempt to accelerate the development of this resource. 

The State has an active Geothermal Advisory Committee comprised of State govern- 
ment personnel, researchers, potential users, and community leaders who are 
seeking to find ways to promote geothermal development and overcome barriers. 
Appendix A contains a list of recommendations composed by this body to be pre- 
sented to the State legislature for consideration. 

To date, most of the research in Hawaii for measuring geothermal potential 
as an alternative energy resource has been focused on resource location and 
electricity generation. This study focuses on the potential for geothermal in 
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Hawaii as a d1re:t energy source. The results are intended to provide a 
benchmark una guide for future studies and development of a Regional Plan by 
DOE to accelerate commercialization of hydrothermal reso rces in the State. 

The primary purpose of this study has been to estimate the potential 
and’ future markets for direct appMcations of hydrothermal resources 
in Hawaii on a county level. Both industrial process applications and water 
heating applications for residential and commercial sectors were considered. 
Hydrothermal applications were factored out of total energy demand and annual 
growth estimates were developed for both existing and future energy demand. 
Es'-imated market penetration factors were developed on a county level and in 
some cases , by Industry. 

Several key assumptions were made during the development of the growth 
and penetration estimates. It was assumed that the geothermal resources in 
Hawaii would share many of the characteristics of Hawaii's only geothermal 
well, HGP-A at Puna, Hawaii. This resource has a very high temperature (572°F) 
and is considered highly suitable for electricity generation. The well is 
6,450 feet deep and required new state-of-the-art drilling and casing tech- 
nology. It is not known at this time whether all geothermal reservoirs are as 
high temperature or as deep as HGP-A. It would be beneficial to the commer- 
cialization of geothermal reservoirs in Hawaii if future wells prove to be 
shallower. The costs of exploration and development would decline apprecia- 
tively. Also, for the purposes of direct heat applications, low and interme- 
diate temperature wells would be suitable for a large percentage of the poten- 
tial users. However, due to the expec^;ed depth of the wells, the geological 
formations to be drilled through, and the exploration costs, it was assumed 
that the developront costs would be quite high. As a consequence of these 


■s 
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high capital costs, and the added costs of pipelines, royalties, and other 
infrastructure costs, the assumption was made that geothermal will not be 
dramatically cheaper than other alternative energy resources. 

If the benefit to the overall community dictates, it was assumed that 
institutional, legal, political, environmental, and ownership barriers would be 
overcome. The potential impact that these barriers would have on the commer- 
cialisation of geothermal cannot be underestimated. 

For the purposes of estimating the potential geothermal market and fore- 
casting the market penetration, it was assumed that private industry would have 
the major responsibility of commercializing geothermal. If government assumes 
the major role for commercialization, the forecasts presented in this report 
would most likely change. 

A recent study conducted by the Hawaii Institute of Geophysics, "Hawaii 
Geothermal Resource Assessment Program," was used as the basis for geothermal 
resource location. The report list 20 sites that have anomalies indicating a 
probability of geothermal reservoirs. As the report states, this listing is 
not exhaustive of all potential geothermal sites, but rather, is the first 
priority for additional testing and investigating. 

Potential market growth was derived through a combination of forecasting 
projection based on the state of Hawaii's Department of Planning and Economic 
Development projections for energy demands, population, and tourism and indus- 
try surveys. 

The potential for space conditioning was not included in the market pene- 
tration estimates for future use of hydrothermal fluids. Hawaii's climate 
exempts the need for space heating and eliminates the need for residential air 
conditioning except in high rise residential buildings. Many of these high 
rise units have unit air conditioners. Commercial establishments such as 
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hotels, restaurants, retailers, and office buildings are heavier users of 
central air conditioning. In recent years, improved efficiency and operating 
improvements have been instituted. As a result, accurate data on air condition- 
ing energy consumption is not readily available at this time. A valid assump- 
tion to make is that if hydrothermal fluids were available and absorption air 
conditioning technology was available for economical applications, that new 
commercial establishmeni.* would use the resources. However, it was not possi- 
ble within the scope of this survey to develop the necessary data to forecast 
potential usages for air conditioning. 

For industrial applications, geothermal potential was based on steam and 
preheat applications. Excluded from the potential was energy consumed in the 
fonn of electricity for industrial motors, lighting, etc., and energy required 
for direct electricity generation. 

Market penetration by geothermal energy was estimated separately for indus- 
trial applications and residential/commercial application. It was assumed that 
because of existing plans, geothermal penetration would not begin until 1985. 
Estimates were developed on a county and resource location basis. Penetration 
factors for retrofit and new growth were developed based on the assumption that 
if hydrofluids were made available to potential users, these users would retro- 
fit or design accordingly. 

The penetration of geothermal sources presented in this report reflects 
the consensus of the business and government persons interviewed. Judgmental ly, 
it is a realistic view of Hawaii's potential, but does not set either upper or 
lower limits on the potential development. It assumes that Hawaii will not 
experience a dramatic change in its economic activity. Hawaii has never been 
an industrial state, and its distance from markets, lack of raw materials, 
industrial infrastructure, and the cost of living all strongly suggest that 
Hawaii will not have a substantial growth in industrial activities. 
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Hawaii has, and Is being evaluated as an industrial site by several energy 
Intensive Industries, but the feeling among government and business leaders 
contacted is that the probability of large energy users locating in Hawaii is 
relatively low. Most reason that the same conditions and factors that have 
kept large industry away ^rom Hawaii will prevail in the future. Additionally, 
the major attraction of a dependable, inexpensive energy source is associated 
with a relatively high risk geological area. The sites being considered for 
these industries are near the Puna Geothermal Reservoir and, are active geolog- 
ical areas and the plants would be subject to risks such as lava flows, land- 
slides, earthquakes, and other hazards associated with volcanic areas. Speci- 
fically, the prospects of a magnesium nodules processing plant and/or an alu- 
minum refinery are considered to be less than fifty percent. 

Industry nrowth considered in this survey will be in those segments where 
the major consumers are located in Hawaii or the raw materials are locally 
available in Hawaii. Examples for the former growth market are food and feed 
processes and for the latter, sugar factories and canneries. 

In summary, Hawaii's geothermal resources appear to be substantial and 
suitable for direct heat hydrothermal applications. Its vulnerability to 
embargoes, shipping strikes and other uncontrollable factors, makes the devel- 
opment of geothermal very desirable for the community at large. Also, the 
prospects of a dependable, cheaper than fossil fuels alternative have aroused 
the interest of Hawaii's businesses. Hawaii's lack of energy intensive indus- 
try, its low probability of attracting new major industry, and the cost of 
exploration, development, and transmission may retard the commercialization of 
geothermal. However, on a selective basis, in the industrial park areas, and 
agriculture processing factories, where appears to be a relatively high poten- 
tial for the commercialization of direct geothermal use. 
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Hawaii's sugar factories account for almost 11 % of the State's total non- 
transportation energy consumption. Their industrial process energy consun^tion 
is 333S of the State's industrial non-electrical energy use. As an industry, 
they offer one of the best potential for geothermal commercialization and a 
recent study by Puna Sugar Company indicates that it is economically feasible 
for a company to drill its own well and transport the hydrofluids via pipeline. 
However, the economic model included the production of electricity for sale to 
the local utility on a firm power basis and the value of extracted sulfur 
dioxide. 

The estimates for the State's potential geothermal market show that by 
the year 2020, 40% of the State's industrial energy consumption could be pro- 
vided by geothermal. Penetration by geothermal in the industrial sector is 
projected to be 50% of the potential. This is based on the assumption that 
geothermal colocated sugar factories will use geothermal for their industrial 
energy needs. 

In the residential/commercial sectors, (R/C) potential geothermal appli- 
cations are projected t'* ';-e 25% of the State's R/C usage. Penetration is 
expected to be 25% . tht. Lctal potential. The competition from other alterna- 

tive energy sources is expected to be greater in the residential /commercial 
sectors and penetration is very dependent on state and local government's 
involvement. 

By the year 2020, geothermal is projected to supply Hawaii with 10% of 
the total non- transportation energy usage, under the assumptions that resources 
are developed, barriers are overcome, and that geothermal's cost is competitive 
with other energy sources. 
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II. METHODOLOGY AND ASSUMPTIONS 


A. Baseline Market Size Demand 

The State’s total gross BTU consumption for 1975 was determined. The 
consumption was then segmented by county. Exhibit I illustrates the segmenta- 
tion for non- transportation usage. Roughly 58« of the State's non-transporta- 
tion BTU consumption is in the form of electricity. The remaining consumption 
is either petroleum products such as residual oil or diesel fuel and biomass 
created steam. Several assumptions were made in deriving this data. First, 
all residual fuel not being used for electricity generation was allocated to 
industrial usage. All non- transportation diesel fuel was allocated to the 
commercial sectors such as construction and agricultural field operations. 
Appendix B shows a breakdown of petroleum consumption by use and by county. 

An analysis of the sugar factories energy consumption was then conducted. 
Appendix C shows the energy source mix and energy consumption by sugar facto- 
ries in each of the counties. The sugar factories for the most part are not 
dependent on utility electricity, and in fact, are net sellers of electricity. 
Sugar factories consume approximately 40" of thair total BTU usage for elec- 
tricity generation. A portion of this electricity is put into the various 
counties' electrical grids and used by utility customers. 

The above analysis resulted in a breakdown of gross BTU consumption by 
residential, commercial and industrial sectors for each county. Residential 
and commercial consumption were then combined and industrial treated separately. 

The 20 potential geothermal sites identified by the Hawaii Institute of 

Geophysics were used as the resource base. These potential reservoir sites 

were located on county maps. 12-mile radius circles were drawn around each of 

the sites and the enclosed areas were considered potential geothermal market 
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areas. Major physical barriers such as high mountain ranges and the ocean 
were located and the potential market areas adjusted. Next, the latest pub- 
lished land use, zoning, and state plan Information was applied to the areas 
to determine what future develof»«nt might take place in the various potential 
geothermal market areas. The county maps in Appendix D show the present desig- 
nated land use for each of the counties. It was taken under consideration that 
land use and zoning status are subject to change. 

Each of the 4 counties were surveyed for industrial plants. Over 600 
companies were identified as industrial establishments, according to the 
Standard Industrial Classification, (SIC). However, only 125 of these com- 
panies had 50 or more total employment and the average number of employees was 
33. 

From the list of 125 companies, those having industrial processes that 
require direct heat applications or preheat requirements were selected. The 
resulting 79 companies were classified by SIC and location. 64 of the com- 
panies were co-located with the 20 potential geothermal resource sites. 48 of 
the companies, including at least 1 from each SIC, were contacted to obtain 
data on energy consumption, company and industrial growth estimates and atti- 
tudes, perceptions, and understanding of and about hydrothermal usage in Indus- 
trial processes. Several of the companies declined to give information for a 
number of reasons, but representative data was obtained for all industries. 

The data acquired through the survey was measured against data available 
through the State's Department of Planning and Economic Development, the 
electrical utilities, and previous energy studies. In most cases, the data 
had a high correlation. Where large discrepancies existed, industrial sources 
were reinterviewed to determine which data was in error. 

For companies where specific data was not available, factors for industrial 

process BTU consumption were developed. These factors were based on employee 
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counts and the energy Intensity of respective product mixes. 

37" of the State's industrial energy consimption was identified by con^any. 
The remaining 135 was allocated to smaller companies and secondary usages. 

Also, an error factor of 205 was applied to industry data because of the trans- 
lation of source consumption into gross BTU consumption. 

The resulting baseline data was then tabulated by county. A similar 
analysis was conducted to determine gross BTU consumption by the residential/ 
cormercial sector. Through data provided by the electrical utilities and 
Hawaii's Department of Planning and Economic Development, per capita energy 
consumption factors was determined and multiplied by the various county popu- 
lations to determine residential consumptions. To convert KWH into gross BTU's, 
a factor of 11,150 BTU's was used. This is the State's average level of effi- 
ciency. 

The commercial sector was difficult to break down by type of usage. Energy 
consumotion for hotels (one of Hawaii's major business segments), office space 
and retailing space were identified. This accounts for less than 605 of the 
total energy consumed by the commercial sectors. However, electrical and gas 
utility data confirmed the size of the commercial market. The potential market 
for geothermal applications was determined to be primarily water heating. 

Soace conditioning was considered, but excluded from the potential market. 

There is practically no space heating in the State and a high percentage of the 
central air conditioning units are located in the heavy urban areas and would 
require a great deal of disruptive activity to get hydrothermal fluids pi pea 
to them. Also, because the larger systems are used year round, most operators 
have invested in equipment and engineering to gain operating efficiencies and 
several have retrofit heat exchangers to provide hot water. 

Baseline data for industrial consumption by county and site ana residen- 
tial and commercial consumption by county are shown in Exhibit II. 
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EXHISIT II 

1975 SEOTHEWAL POTENTIAL BY I^SOURCE LOCATION 


1 County yT 

l^sourct 
i Location 

Industrial 

Res 1 den 1 1 a 1 / Coemerc 1 a 1 

Standard 
Industrial 
Code (SIC) 

Energy use ,, 
(BTU7yr x 10^*^ 

Total Energy 

Used 

(8TU/yr x lO^'^) 

Energy Used For 
Space Conditioning 
And Hater Heating 

(BTU/yr x 10^^) 






I Hawaii 





1. Puna* 

201 

.007 




2061 

1.506 



1 

2065 

.049 




209 

.004 


( 

12. Ka'u 

2061 

1.430 



',4, Hualalul 

209 

.009 

1 

1 

J 

327 

.012 

j 

,5, Kawaihae 

201 

.003 

i 


327 

.002 

\ 

1 

16. Keaau 

201 

.004 


1 

1 

202 

.002 

1 


203 

.010 

1 

1 

204 

.006 



* 

2061 

3.347 



1 

287 

.0)7 




327 

.015 




329 

.015 



( 

Subtotal 

025 

02 

OP 

'Honolulu 





[TS.Lual'uale’ 

204 




( 

249 





281 

.234 




287 





291 

,721 




324 

3.612 



, 


.030 



1 


.291 



]16. Honolulu Vol- 





I canic Series 

201 

.010 




202 

.009 



j 

203 

.673 



! 

205 

.005 





.001 



n.Halelwa 

2061 

1.525 



19. Pearl Harbor 

201 

.010 




202 

.007 




203 

.005 




204 

.014 



i 

205 

.002 



\ 

1 

2061 

1.555 

- ....1 



*Locat1ons correspond to the sites Identt-^ied in ""awaii Geothermal Resource Assessment 
Program," A- 177 
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EXHIBIT !i 
(conf d) 


1975 HAWAII ENERGY USE BV COUNTY 













B f'ta-ket Growth Projection Development 

Potential markuc growth was derived through a combination of forecasting 
projection based on the state of Hawaii's Department of Planning and Economic 
Development projections for energy demands, population, and tourism and indus- 
try surveys. A sutimary Is given In Exhibit III. 

Industrial growth rates were developed for each of the SIC categories from 
company Interviews, industry projections, and state projections. Growth pro- 
jections were made on an annual compounded rate for the periods 1985*2000 and 
2000-2020. These figures were not adjusted for efficiencies that might occur 
due to rapidly rising energy costs. 

The sugar factories were not expected to show growth. Foreign competition 
has suppressed the price of sugar and many companies are looking for alternative 
uses of the land. Historical data indicates that the industry i'- consolidating 
and that a number of smaller inefficient factories have been shut down. Coun- 
tering these trends is the increasing value of sugar by-products such as elec- 
tricity generation. 

The other tv/o large energy SIC categories, refinery and cement, were given 
growth rates based on company projections. Food processors and agriculture 
processors, other than sugar, were given growth rates equal to population pro- 
jections. In construction related industries, growth rates were based on pro- 
jected construction activity in the housing and tourism industries. 

The potential geothermal market growth was projected to be lower than the 
general growth for industry. This reflects the nc-growth trend of the sugar 
factories' energy consumption. Where the sugar factories were subtracted out 
of the data, the potential geothermal growth rate is higher than the growth 
rate for industry in general. This can be expected as new industries locate 
near geothermal resources. It was assumed that in-place industries would not 
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iximm m 

HAWAII GROWTH PROJtCTIOH CAICHLATIOWS 


> 


Stariii<ml Industrial 
Code 
(SIC) 

Growth Rate 
(X/Ycar) 

I'l/S 

tnergy Use 
(lUU/Vr X lO'?) 

1985 

tnergy Use 
(BIU/Yr X lo'?) 

2000 

Energy Use 
(BlU/Yr X 10'^) 

2020 

Energy l)se_ 
(BWYr X 10'2) 

?(ll 

Uase«i on population 
growth 

.0)1 

.080 

.195 

.339 

?(}? 


.018 

.015 

.117 

.226 

i>03 

*1 

./08 

1.666 

3.9/5 

1.861 

201 

N 

.031 

.081 

.221 

.121 

205 

«* 

.008 

.019 

.015 

.091 

2061 

No (jtowlh 

15.291 

15.291 

15.291 

15.291 

2062 

M 

.228 

.228 

.228 

.228 

2066 

Oaseil on population 
yrowtli 

.0^.1 

.0/0 

.095 

.131 

20') 

H 

.038 

.095 

.20) 

.379 

?m 

( oust ru( 1 i on pro jet t i ons 

.001 

.001 

.013 

.026 

?CU 

Populat Ion 

.otto 

.Otis 

.110 

.131 

281 

Industry sources 

.231 

.300 

431 

.875 

28/ 

Ai|rltultu»-e pro:e< f »ns 

.032 

.iMtl 

.055 

.067 

2')l 

Industry sour(es 

/2I 

./93 

./93 

.793 

30/ 

Industry sounes 

.021 

.052 

.021 

.018 

121 

l.onstru. tion jirojer tlons 

3 612 

3.612 

1.516 

6.711 

32/ 

H 

0/6 

.162 

.253 

.31? 

I/') 

Ii\dtislty SOUK PS 

.015 

.0 30 

.039 

.052 

ni 

H 

.291 

.355 

. 155 

.6/5 

nil Ai pimi ! ss III ni 1 

21 199 

1 

22.9/1 

26.966 

31.686 


L 
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relocate to s^thermal resources. Also assumed was a continuation of Hawaii's 
pattern of attracting siraller scale industrial processes rather than large 
manufacturers . 

It should be noted that if the State if successful in attracting an energy 
intensive process such as manganese nodules or aluminum refinery that the indus- 
trial energy growth rates and geothermal growth rates would change dramatically. 
For example, a three product manganese nodule plcnt requires 150 tW capacity 
and a four product plant or aluminum refinery requires a 300 MW capability. 
However, as previously stated, it was assumed that these inauotries would not 
locate in Hawaii for a number of non-energy reasons. 

Growth rates for R/C were based on energy use projections by the State 
Department of Planning and Economic Development based on per capita consump- 
tion, population grov/th, and tourism growth. Over time, these rates 
decline. Population growth for the State declines from a high of 1.87 average 
annual percentage growth in the 1977 to 1980 period to a low of 1.05% in the 
2000 to 2005 period. This growth rate was assumed to continue through year 
2020. These forecasts assume a middle fertility level of 2.1 births per 
woman. The State's economy, growth rate, and commercial activity is very 
dependent on the tourism industry State projections for tourism growth start- 
ing at 7% per annum in the 1977 to 1979 time frame and declining to 1% in the 
1996 to 2000 period. 

The State's projections assume a constant growth rate of 4% for electri- 
city generation. This rate includes a growth in per capita energy consumption. 
The projections also assumed a continuing dependence on petroleum products and 
did not consider the importance of alternative energy sources. 

New discovery factors were not applied to potential geothermal growth 
since: all major population, commercial, and industrial areas of the State are 
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located within potential geothermal market areas. Several sugar factories 
are not in these areas and new discoveries within this area (which cannot be 
predicted at this time) would increase the potential growth. 


1 


C. Market Capture Potential Estimate Development j 

The market capture potential estimates were developed on a county basis. ! 

Present plans Indicate that the earliest possible direct application of geo- 
thermal to be 1983. All co-located sugar plants are projected to convert to 
geothermal by year 2000. Other major retrofit applications were projected to 
start In 1985 In Honolulu at the Can^bell Industrial Park. By the year 2000, 
a 20% retrofit Is estimated. All other retrofit Is projected at a rate of 1% 
per year until the year 2020. Kauai County's retrofit Is not projected to 
start until year 200C, because of the current s1?e of its population and commer- 
cial/industrial base. However, for Hawaii, Honolulu, and :iaui, geothermal is 
projected to capture SO'- of new grovvth beginning in the year 1935 and starting 
in 2000 for Kauai. These rates were assianed constant through year 2020. 

Potential capture for R/C was based on an assumed 11. per year retrofit 
rate for all counties beginning in 1990 for Hawaii, Honolulu, and Maul, and 
2005 for Kauai. Starting in 1985, step increases for new growth in Hawaii, 

Honolulu, and Maul were estimated to a maximum of 30':. of the new growth by 
2000, Kauai's capture of new growth is assumed to start in 2000 up to a maximum 


of 301 by 2015. 

Exhibit IV summarizes by county the baseline data, market potential 
jections, and the forecasted geothermal capture. 
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rXHIBIT IV 

HYDROTHERMAL FORECAST FOR HAWAII 



197S 

(BlU/Vr X lO'"') 


1985 

(lilU/Vr X 10*^) 


2000 

(Blll/rr X 10«2) 


2020 

(Blll/Yr X 1 

0'2) 

fnunly 

State 

Energy 

Use 

Potential 

Geothcnnal 

Use 

State 

Energy 

Use 

Potential 

Geothermal 

Use 

Forecasted 

Geothermal 

Capture 

State 

Energy 

Use 

Potential 

Geothermal 

Use 

Forecasted 

Geothermal 

Capture 

State 

Energy 

Use 

Potential 

Geothermal 

Use 

Forecasted 

Geothermal 

Capture 

llawa i i 












Industrial 
Resldontial/ 
Cofimorc ial 

13.24f 

3.n? 

9.943 

1.404 

13.657 

6.39 

9.980 

2.456 

1.506 

-0- 

14.500 

11.54 

10.027 

4.116 

6.634 

.537 

15. «X) 
20.91 

10,997 

7.449 

7.283 

2.017 

TOIAl 

17.(Mi( 

11.427 

20.047 

12.436 

1.506 

26.04 

14.143 

7.171 

36.51 

17.546 

9.300 

Honolulu 












Industrial 
Res idential/ 
ConiDPrc Ial 

17.421 

52.25 

10.676 

17.902 

21.384 

71.75 

12.025 

24.076 

-0- 

-0- 

34.734 

125.35 

14.978 

34.645 

3.555 

4.238 

64.364 

240.85 

20.450 
55. OK 

8.102 

14.841 

TUIAI 

69.67 

28.5/8 

93.134 

16.101 

-0- 

160.084 

49.623 

7.793 

30f it 

75. 4K 

22.943 

Kauai 












Industrial 

Residential/ 

Conmercial 

6.56E 

1.49 

4.B60 

.625 

6.918 

2.72 

4.864 

1.084 

-0- 

-0- 

7.628 

5.36 

4.867 

1.991 

-0- 

-0- 

9.158 

10.71 

4.869 

3.589 

1.971 

.809 

lOTAL 

n.osf 

5.485 

9.630 

5.948 

-0- 

12.988 

6.860 

-0- 

19.868 

8.458 

2.780 

Haul 












Industrial 
Residential/ 
( rMrtwerf: I a 1 

7.780 

3.07 

4.963 

1.290 

9.22 

7.73 

5.021 

2.528 

-0- 

-0- 

12.37 

16.68 

5.073 

4.144 

3.981 

.564 

12.640 

20.760 

5.112 

6.IIMI 

4.195 

1.642 

101 Al 

I0.85( 

6.261 

16.95 

7.549 

-0- 

29.05 

9.217 

4.545 

33.400 

11.220 

5.837 

State 












Industrial 
Residential/ 
f (mwierc ial 

45.015 

60.61 

30.442 

21.309 

51.1/9 

80.59 

31.890 

30.144 

1.506 

-0- 

69.232 

158.93 

34.945 

44.898 

14.170 

5.339 

101.762 

?93.23 

40.528 

72.181 

21.551 

19.309 

lOFAl 

105.645 

51.751 

119.769 

62.034 

1.506 

’28.162 

79.843 

19.509 

194.992 

112.709 

40.860 
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III. RESOURCE OVERVIEW - DIRECT HEAT 


The State of Hawaii consists of a chain of five major islands and several 
minor islands. The islands were formed by volcanic activity and are relatively 
young land masses. The island of Hawaii still has an active volcano v/hich 
erupted as recently as 1977. The geological and hydrological conditions of 
Hawaii are substantially different from those found on the Mainland. 

An assessment of potential geothermal resource areas in the state of Hawaii 
was recently completed by the Hawaii Institute of Geophysics. This evaluation 
was based on geological, geophysical, geochemical data. The report appraises 
the probability of low temperature and high temperature resources. The 
appraisals were based on surface tests. More intensive site investigation is 
planned for the future. 

Unlike many geothermal resources around the world, it is believed that 
Hawaii's resources are at a great depth. The cost oi‘ reaching these resources 
may prevent individual companies from drilling their own wells for direct heat 
applications in the near and intermediate future. 

It was assumed for purposes of estimating market potential that direct 
heat applications would be a secondary application after electricity generation. 
In other words, it is not anticipated that the geothermal resources will be 
developed unless the primary objective is to generate electricity. 


IV. MARKET OVERVIEW - DIRECT HEAT 


ftost of the publicity on geothermal development in Hawaii has been on its 
potential for generating electricity. The consensus of the business executives 
surveyed was that they had not even considered the possibility of applying 
hydrothermal fluids to their companies' direct heat needs. Most stated that 
their companies did not have plans for researching the feasibility of hydro- 
thermal usage. However, most allowed that this could change if geothermal 
resources and quality were known to be located near their plants. 

Hawaii's island economy, unique climate, and geological formation limits 
the potential of hydrothermal energy as a substitute for fossil fuel generated 
direct heat. The lack of space heating needs, the size of the economy and its 
various participants lessen the probability of widespread usage by individual 
companies or communities unless it is developed and distributed by a utility. 

The present development of geothermal has been confined to one site on the 
island of Hawaii in an agricultural area. This area is subject to volcanic 
activity and there are a number of risks associated with this activity. 
Concurrent to the development of geothermal as an alternative energy resource, 
Hawaii is actively pursuing the development of other alternative energy 
resources. 

A pilot Ocean Thermal Energy Conversion (OTEC) project was recently 
launched and results to date appear promising. The State's major utility 
recently announced plans to apply to the U.S. government for a grant to build 
an OTEC generating plant off the island of Oahu. They have also announced 
plans to build a windmill fann. 

Hawaii's proximity to the equator makes it a high potential candidate for 
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solar energy resources. Already, many homeowners are using solar for their 
water heating and the market is growing. Several hotels have recently installed 
solar collectors to meet a portion of their hot water requirements and plans 
for future homes, condominiums and hotels often include solar. 

When and if solar cell technology makes direct conversion from solar to 
electricity econ«nically competitive, it is likely that this technology will 
gain widespread use in Hawaii. 

In the meantime, other technologies and resources are being investigated 
by Hawaii's businesses. One of the major cement factories recently announced 
that it was converting to coal. A pre-stressed concrete manufacturer is 
seriously considering converting from steam curing to chemical curing and indi- 
cated that it will most likely be an industry-wide change. 

The impact that the development of other alternative energy sources and 
the activities of businesses to decrease their consumption of petroleum pro- 
ducts will have on geothermal development is impossible to measure at this 
time because of unknown economics. But business and government leaders through- 
out the State have indicated that geothermal's major potential will be in 
electricity generation, rather than direct heat. These attitudes are not firm, 
and additional insights into direct heat applications, the economics involved, 
and the time frame for development could have a positive effect. 

At this time, the largest potential user of hydrothermal fluids appear to 
be the sugar factories. They have both process heat requirements and electri- 
city generation capabilities, and many are located in potential geothermal 
resource areas. Other strong potentials exist at Campbell Industrial Park and 
Puna area in Hawaii County. Most of Hawaii's heavy non-sugar industry are 
located in or near the Campbell Industrial ^ark. If the Laulaulie reservoirs 
(owned by the Department of Defense) is developed and made available to coiiimer- 
cial users via a utility pipeline, new industry may be attracted to that 
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location because of the availability of hydrothermal fluids. 

The Dillingham Company, one of Hawaii's leading companies and a major 
developer is conducting "An Engineering and Economics Studies for Direct 
Application of Geothermal Energy in an Industrial Park at Pahoa, Hawaii." 
This study is being sponsored by the DOE. The results of this study and the 
development efforts by Dillingham may accelerate the industrialization of 
Hawaii County faster than this study has estimated. 
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V^E/ Hawaiian Dradging & Construction Company 


Auguft 28, 1979 


Dr. John Shupe 
University of Hawaii 
College of Engineering 
Holmes Hall #240 
2540 Dole Street 
Honolulu, Hawaii 96822 


Dear John: 

The chairman of the Geothermal Advisory Commintee has 
asked me to furnish you our legislative recommendations for 
the forthcoming session of the State Legislature. The Leg- 
islative Subcommittee's recommendation to the full committee 
listed the issues related to the commercialization of Geo- 
thermal Energy as followt : 


T^’ sue Priority 


1. 

Incsutives 

high 1 

2. 

Community, Social, 
Environment 

high to medium | 

J 

3. 

Resource Assessment 

medium to high i 

4. 

Risk Insurance 

medium to high j 

5. 

Barrier Removal 

medium | 

6. 

Resource Ownership 

medium to low 

7. 

Technical , Scientific 

low 1 
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Hawaiian Oradgingf * Constructor! Company 


Dr. J. Shupe 
August 28, 1979 
Pagt Two 


Within the context of these issues, the several legis- 
lative proposals which have been discussed and endorsed by 
the committee and recommended for consideration by the com- 
mittee are; 

1. "Forgive state royalty payments for first ten 
years production of wells and provide gradual re- 
duction and elimination through s\mset provision." 

Discussion: The need for additional wells to prove 

the extent of Hawaii's geothermal resource is of 
prime importance. In order to attract the necessary 
investment to undertake the drilling and development of 
future wells with application for both electric and 
non-electric commercial ventures the forgiving of 
state royalty payments can be a key incentive. We doubt 
that investors will act without this incentive and we 
do not believe the state will lose any direct benefit. 
Certainly, without the development there could be no 
royalty payment and after ten years the royalty pay- 
ments and other direct benefits will flow from pro- 
ducing wells. 

However, the legislature may wish to differentiate be- 
tween an exploratory well and a producing well. We be- 
lieve the greatest incentive in Hawaii at this time is 
needed to encourage and support the drilling of "ex- 
ploratory" wells. Therefore, we believe the full ten 
years forgiveness is necessary to get these wells drilled 
and developed. Then, after several exploratory wells 
have been placed in operation the Legislature may de- 
termine that the succeeding "production wells" drilled 
in that reservoir could have a reduced period of time 
for forgiveness of the royalty payments. 
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Orvdging ft Construction Company 


Dr. J. Shupe 
August 28, 1979 
Page Three 


2. "Pass a resolution instructing the PUC to permit 

? ublic utilities to make a higher rate of return on 
nvestments in non-fossil fuel generating facilities." 

Discussion: Because Hawaii government and private 

interests probably will benefit from the avoidance of 
sending money out of the state for every barrel of 
oil that is replaced by alternative energy generating 
facilities, the public utilities should be encouraged 
with proper incentives to invest in these alternative 
facilities. It is recommended that the Legislature 
consider a "higher rate of return on investment", that 
is, markedly higher reflecting th'' long range benefit 
to the rate payers of the state that may result from 
the development of these alternative resources. 


3. "Establish a 3 mills per kwh tax credit for gen- 
eration of electricity for all new or improved plants 
using 'alternate' forms of energy." 

Discussion: Whereas the cost of imported fuel oil has 

drastically increased in cost approximately 60% since 
January 1969, the best interests of the State of Hawaii 
and its residents can be served by the early develop- 
ment of alternative electricity generating "facilities 
using non-fossil fuel energy including geothermal, 
ocean thermal and bio-mass energy. To encourage private 
and public utility investment, the recommended 3 mills 
per kwh tax credit is believed to be necessary. Exist- 
ing state funds will not be expended and neither will 
future funds be reduced because the new and improved 
alternate energy generating plants may not be construct- 
ed without such an inducement as the 3 mills per kwh 
tax credit. 
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Hawa^n Oradglng ft Conatructien Company 


Dr. J. Shup« 
Auguft 2S, 1979 
Pftgft Fo »« 


4. "Fast a resolution to the Department of Land and 
Natural Resources to provide for a reduced royalty 
payment for the direct use of geothermal energy ap- 
plications such as the production of ethanol, sugar, 
•! 


Discussion: Direct use application of geothermal ener- 

gy can enhance the development of Hawaii’s geothermal 
resource. Acceptance of the use of geothermal energy 
by residents and others can be facilitated through 
diverse direct uses in coisnercial processes which are 
currently being studied. Because of the many unknowns 
associated with such a new business venture, extra 
incentives will be necessary. Furthermore, any "direct 
use" business would be an additional business activity 
which would not require payment of existing funds. 


5. "Provide 157* differential Lo increase geothermal 
loan guarantee from federal support of 757. to a full 
907. support." 

Discussion: Geothermal loan guarantees have proven 

very valuable in the mainland western states for geo- 
thermal developments. However, the 757. level has also 
proven an inadequate amount for many businesses that are 
unable to provide the 25% required funding. Thus, the 
additional 157. state supported geothermal loan guarantee 
will reduce the risk of businesses investing in the 
exploration, drilling and end use applications of Ha- 
waii’s geothermal resource. 

However, one way DOE assesses a geothermal loan guaranty 
application is based on the amount of the borrower's in- 
vestment. With a 25% investment by the borrower, DOE 
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Hawaiian Oradging • Con«truetion Company 


Dr. J. Shape 
August 28, 1979 
Page Five 


considers that his risk will be sufficient to encourage 
hia to do his utmost to assure success of the develop- 
ment. With a reduction to 107, there may be some hes- 
itancy by DOE. Even so, we believe that in Hawaii there 
is a need for this additional 157. loan guarantee assis- 
tance to make the geothermal development attractive. 

It is noted that the^'e wouxd be no reduction in the 
Federal Loan Guarantee of 757, with the State's pro- 
vision for an additional 157,. 

6. "Provide funds for 'affected' communities, such as 
the Puna District, to do socio-economic research that 
can develop and protect the interests of residents in 
an objective and realistic manner." 

Discussion: The cooperation of near-by residents of 

any commercial development should be encouraged. The 
amount of funds required to provide for reimbursement 
of costs of the residents representatives to follow 
activities such as hearings, conferences and meetings 
can be considered a modest investment not only for the 
awareness of the people of Hawaii directly involved, 
but also to assure acceptance of a project before size- 
able funds are committed. 

It is contemplated that socio-economic research would 
be conducted by representatives of the community in 
conjunction with some assistance by professionals from 
industry or academia. Also representatives of the 
community at some stage of development would expect to 
participate in critical decision making by the businesses. 
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Hawaiian Oradging a Construction Company 


Dr. J. Shupe 
August 28, 1979 
Page Six 


7. "Forgive for a period of five years after commer- 
cial production commences, state sales taxes on all 
construction and equipment purchased for geothermal 
exploration and development until a positive revenue 
flow for the project is attained." 

Discussion: This is an incentive to attract investors 

so that geothermal energy can be developed. Once the 
'positive revenue flow' is established, the State will 
realize an income from the development of a geothermal 
industry. 


8. "Provide general support in a resolution for fed- 
eral geothermal energy omnibus legislation." 

Discussion: In July, Dr. Eugene Grabbe participated 

with other state government representatives in a re- 
view of two proposed bills in the U.S. Senate. The 
list of recommendations of that group are attached. 


Two additional items, which are considered to be of high 
priority relate to 'Risk Insurance'. They will be handled 
separately as an administrative manner. They are: 

1. Alleviate uncertainties of risks associated with 
volcanic, seismic and 'acts of God' activities by 
providing state risk insurance at early date pending 
provisions by Federal legislation at level's required 
to stimulate electric and non-electric applications 
of geothermal energy. 
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Hawaiian Oradging & Construction Company 


Dr . J . Shupe 
August 28, L979 
Page Seven 


2. Provide early depletion reservoir insurance to 
compensate geothermal production companies investing 
in direct use applications in the event of premature 
failure of the geothermal supply. 


If there is additional information you may require, 
please do not hesitate to call me. 


Very truly yours , 



Manager, Energy Projects 


WU;JWM;p 

Attachment as indicated 
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Atcachnsant 


GEOTHERMAL ENERGY OMNIBUS LEGISLATION 
July 10, 1979 

Ecofiomic Sub-group Concurrenca 
Saattla 


All partias prasanc agraad: 

1. That tha program astablishing direct forgivable loans for 
for axploracory drilling, which is a part of S1388, would 
be extremely beneficial and should be strongly supported. 

2. That a limit be established in the legislation to preclude 
a single company from obtaining a large percentage of the 
loans issued under the exploratory drilling loan program. 

3. That the limitation on the size of the loan for a single 
well currently in S1388 be increased from three million 
to ten million. 

4. That the reservoir insurance in S1330 should be implemented 
provided that this does not preclude adequate funding for 
loans supporting reservoir exploration. 

a. That S1330 Sec 1149 Sub Sec (B) Paragraph 3 (pg. 36) 
should be ammended to read: 

...... risk means a hazard that a reservoir of 

geothermal resources will cease to provide sufficient 
quantities of geothermal resource shown to exist at 
the time of application at minimum condrcions required 
to maintain an economically (or technicallv) viable 
operation for utilization of the geothermal resource; 

b. That the regulations covering reservoir insurance should 
include risks associated with: 

seismic risks 
volcanic risks 
other acts of God 

c. That S1330 Sec 1149 Sub Sec (F) , be ammended to include 
the sentence: 

The insurance shall be for a period not to exceed the 
expected life of the project or 30 years, whichever 
is less. 


Geochermal Energy Omnibus Legislation 
July 10, 1979 
Page Two 


5 . That Che legislation should add provisions which are 
not currently incorporated in either S1330 or S1388, 

to eliminate the royalties charged under the Geochermal 
Stam Act for applications utilizing resources not ex- 
ceeding 150 degrees cenCidrage or any non-electric ap- 
plications . 

6. That it is important for Congress to set a time limit 
within which applications under the Geothermal Loan 
Guarantee Act must be processed. Such a time limit 
is currently in S1330. 

7. That the Geothermal Loan Guarantee program for municipals, 
cooperatives, and small businesses should be increased 

to 907.. 

8. That an increase in the acreage limit should be made 
along with increased diligence requirements. Both of 
these are important and it may be advantageous to 
combine them to assure that companies holding larger 
lease areas will not tie up the resources in a particular 
area. 

9. That the 907. forgivable loans for feasibility studies and 
the 757. construction loans currently in S1330 should not 
be included in the final Omnibus legislation. 

10. That the SBA, HUD, REA and Fm HA should be encouraged to 
support geothermal loans. No consensus was reached whether 
the Geothermal Loan Guarantee Program is the best mechanism 
for accomplishing this. 

11. That the definition of geothermal reservoir in S1388 needs 
to be changed. The definitions under Title III of S1330 
would be acceptable. 

12. That the economic incentive portions of the Omnibus legis- 
lation have a sunset clause similar to what is currently 
in Section 104 of Title 1 of S1388. 
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PETROLEUH USE 
1975 

BTU/yr. x 10^^ 



Hawai i 

Honolulu 

Kaua i 

Maui 

Total 

Electric Utilities 

4.7 

50.6 

2.2 

3.9 

61.4 

Cement 


1.5 



1.5 

Other Hon-coninercial 


1.1 



1.1 

Gas Marketing & Distributing 

.7 

3.4 

.2 

.3 

4.6 

Agriculture & Ag. Processing 

2.1 

4.0 


1.4 

7.5 

Construction 

.2 

2.2 

■— — 

.1 

2.5 

Commerc i a 1 / 1 ndus tr i a 1 

.1 

2.5 

— 


2.6 

Refinery Use 


3.7 



3.7 


778 

6970 

2.4 

577 

84.9 
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APPENDIX B 
SUGAR FACTORIES 

ENERGY PRODUCED FOR FACTORY PROCESSING AND ELECTRICITY GENERATIW 

1975 


County 

Biomass 
BTU/vr. X 

Fuel Oil 

12 

BTU/vr, X 10^'" 

Hydro 

Hawaii 

9.912 

2-084 

CSi 

o 

• 

Honolulu 

3.840 

.221 


Kauai 

5.170 

.088 

.46 

Maui 

4.873 

1.427 

.22 

State 

23.795 

3.820 

.7 


> 
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ENERGY USE - SUGAR FACTORIES 
1976 


County 

Industrial Process 
BTU/yr. x 10^^ 

Electricity Generation 
BTU/yr. x 10^^ 

Total 

BTU/yr. x 10 

Hawai i 

7.889 

4.122 

12.016 

Honolulu 

2.176 

1.885 

4.061 

Kauai 

3.650 

2.068 

5.718 

Maui 

3.116 

3.404 

6.526 

State 

T6.83T 

11. 48? 

26.315 
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KEY TO LOCATION OF GEOTHERMAL SITES 


Location 

Hawaii 

1. Puna 

2. Ka'u 

3. South Point 

4. Huai alai -North Kona 

5. Kawaihae 

6. Keaau 

7. Kohala 

Maui 

8. Haleakala-Southwest Rift 

9. Haleakala- East Rift 

10. Pauwela 

11. Lahaina 

12. Olowalu- Ukumehame 

13. Honokawai 

Oahu 

14. Waimanalo 

15. Lualualei 

16. Honolulu Volcanic Series 

17. Haleiwa 

18. Laie 

19. Pearl Harbor 

Kauai . ^ 

20. Post erosional Volcanic Series 
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1 . 0 STATEMENT 


At the direction of tho Department of Enorqy, the document en- 
titled, R e g ional H ydrotjhc^ a Ma r ko t _Penot^^^ ty 

EG&G Idaho, Inc. has been used as a baseline for this study. 

The general content and format of this study follows the pre- 
liminary outline presented in Jet Propulsion Laboratory Inter- 
office Memo 311.3-207, of July 13, 1979. 

2.0 TASKS 

The tasks accomplished to completion from August 1 to September 
30, 1979 are? 

1. Assessment of the geothermal resources at a county 
level, defining tho available energy at individual 
sites. 

2. Locating within each county tho residential , commer- 
cial , and industrial energy use sites. Define the 
space heating, water heating, and industrial process 
heat requirements wJiich are compatible with the geo- 
thermal resource in tho area. 

3. Model the energy demand requirements which could be 
supplied by tho geothermal rosourcc?s in 1985, 2000, 
and 2020, using 1975 as tlio baseline year. 

4. Estimate the amount of energy which will be supplied 
to the residential, commercial, and industrial sec- 


tors by geothermal resources in the years 1985, 2000, 
and 2020. Penetration possibilities include retro- 
fit of the current (1975) energy market, new facili- 
ties designed to utilize geothermal direct heat, and 
growth inducement following commercial development 
of geothermal energy. 

3.0 RESOURCE ASSESSMENT ^ METHODOLOGY 

A total of 280 known geothermal sites have been defined through- 
out all seventeen Nevada counties. A preponderant number of 
the high (>150°C) and intermediate (90° to 150°C) temperature 
resource sites are located in the northern half of Nevada. The 
many low temperature (<90°C) sites are rather evenly distribu- 
ted geographically, but are an unknown energy quantity. This 
is largely due to the fact that resource assessment by both the 
private and the public sectors has boon almost wholly concerned 
with the higher temperature reservoirs. There are no readily 
available reservoir goo thermometry and volume data for those 
sites. This is particularly significant in Nevada, because the 
State's largest population center in the Greater Las Vegas Area, 
is co-located with a potentially largo, hut very low- tempera tu re 
resource. 

3 . 1 Beneficial Heat Available 

A list of each county and the estimated beneficial heat available 
(10^2 Btu) for each is given below in Table 1: 
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TABLE I. Estimated 

Total Beneficial Heat Available 

(10^2 Btu) 

by County for the State of Nevada 

COUNTY 

BENEFICIAL HEAT AVAILABLE 
(10^2 tjtu) 

Carson City 

26 

Churchill 

4,546 

Clark 

60 

Douglas 

49 

Elko 

806 

Esmeralda 

71 

Eureka 

551 

Humboldt 

1,219 

Lander 

450 

Lincoln 

63 

Lyon 

472 

Mineral 

132 

Nye 

879 

Pershing 

1,494 

Storey 

42 

Washoe 

1,383 

White Pine 

183 

total 

12,427 


The total of 12.427 quads of beneficial heat available is a very 
conservative number. Fully 9.914 quads, or SOZ of the total, 
comes from 4 6 recognized high and intermediate' temperature sites 
— only 16% of the total 280 geoU'iOrmal sites in this study. 


The geothermal sites reported by the Geological Survey as hav- 
ing large energy reserves, are only those which have been par- 
tially delineated by drilling. This fractioii of the total is 
still very small. As more prospects are drilled, the: reserves 
may be expected to multiply many times. A good proportion of 
the present high temperature energy reserves, and those v;hich 
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will be found in the future, will be applied to electrical 
power generation, with probable direct thermal co-use at many 
sites. 


3.2 Hot-Water Convection Systems 

The known geothermal sites are tabulated in Table II, County 
Hot-Water Convection Systems. Each site has a unique number. 
The first two digits refer to one of the seventeen counties 
(in alphabetical order) and the last tvo digits correspond to 
a particular resource site within that county. Geographic lo- 
cations are given by section, township, and range. The thermal 
water temperatures, reservoir assumptions, and the energy po- 
tential for each site are also listed. Further explanation to 
Table II is outlined in the Footnotes to Table II. 

4 • 0 MARK ET DEFINITION METHODOLOGY 
4 . 1 Residential and Commercial 

Estimates of the amount of energy used in the rcside:)tial and 
commercial sectors at the local level were developed using 
population data to apportion total Nevada emergy conranupt ion . 
The population data used was obtained from the Office of the 
State Planning Coordinator. The SPC uses U.S. Bureau of 
Census figures for historical estimates of population botwi •'u 
census years, and performs in-hour.c projc-ctions of population 
by county. These projections, in 1 year increments to 19B'3 


and 5 year increments to 2000, were used to obtain projections 
of population in tl» year 2020. Linear regression was the sta- 
tistical tool used to relate population to time. In all counties 
but one, the regression explained 95% or more of the variance 
in population with time. In White Pine County the population 
has fluctuated severely in recent years due to economic diffi- 
culties in the copper industry. Still, a coefficient of deter- 
mination of slightly better than 90% was obtained. 

Data describing the total consumption of energy in each class 
— residential, commercial, and industial, was obtained from 
a study performed for the Nevada Department of Energy, entitled. 
Energy In Nevada , Second Edition, to be published later this 
year. 

Energy in Nevada includes forecasts of future energy consumption 
both by major sectors and by major energy form. Those forecasts 
are given through 1985 in 1 year increments, and through 2000 
in 5 year increments. Linear regression was again used to ob- 
tain projections for 2020, using the projections in Energy in 
N evad a as 'Historical' data. 

The energy consumption estimates for the residential and commer- 
cial sectors were obtained for each county by apportioning the 
total energy used in the two sectors on the basis of population. 
Local population estimates were obtained from U.S. Bureau of 
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Census data and used to further reduce the county estimates , 
again by apportioning on the basis of population. In arriving 
at the local estimates, some of the smaller communities which 
have little chance of growing, were held at the 1975 level 
through 2020. All other communities were assumed to grow in 
direct proportion to their respective counties. 

To estimate the fraction of residential and commercial energy 
use that is directly attributable to space heating and water 
heating, an analysis of the fuels used in these sectors was 
performed. This work indicated that about 301 of the electrical 
energy used in these sectors is for space or water heating. 

About 95% of the natural gas and LPG, and virtually a] 1 of the 
kerosene, #2 oil, #6 oil, and coal used in these sectors is 
for space heating or water heating. These fractions were each 
weighted according to the total contribution of each and a 
weight average of approximately 70% resulted. Tliis figure was 
then applied to all of the estimates of local residential and 
commercial energy requirements to obtain the estimates for 
potential geothermal energy use. 

In 1975 Nevada had an estimated population of 590,300 persons. 
Table III lists 117 communities which had a combined popula- 
tion of 564,025. 

The major centers of residential, commercial and industrial 
energy use in 1975 are in; 

c 
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CITY POPULATION 


Carson City 

25,300 

Greater Las Vegas Area 

323,200 

Henderson 

19,400 

Boulder City 

7,785 

Elko 

8,299 

Reno/Sparks 

116,234 


i 

i 

4 . 1. 1 Co-Location of Residential and Commercial Energy Use ! 

Sites and Geothermal Resource Sites ! 

I 

Table IV, Co-Location of City/Energy Use Sites and Geothermal 
Sites by County, Nevada, lists the Table III communities and 

the estimated beneficial heat available (10^^ Btu) for the j 


nearest resource sites. Other resource sites listed in Table 


II could also be beneficially used by a number of these cor-- 
munities. It is probable that the higher temperature reser- 
voirs — oven those in presently remote areas — will attract 
new industries and the attendant new residential and commer- 


cial growth. 


The 1975 communities with a population of at least 1,000, which 
are (or potentially are) favorably co-l<»catcd with on».> or more 
resource sites, are: 

Fallon 

Fallon N.A.S. 

Gardnervi 1 Ic 
■‘arlin 
Iko 
Wells 

Winneniucc.i 
Battle Mountain 
Fern ley 

7 




i 


Yerlngton 

Lovelock 

New Washoe City 

Greater Reno/Sparks Area 


Soraewh’^t nore questionable are the lower temperature resources 
co-located with: 


Boulder City 
Henderson 

Greater Las Vegas Area 

Overton 

Babbitt 

Hawthorne 

Tonopah 

Ely/East Ely 

McGill 


Examples of communities of less than 1,000 persons which are 

favorably located for geothermal energy use are: 

Minden 

Jackpot 

Silver Peak 

Golconda 

Caliente 

Wabuska 

Beatty 

Gabbs 

Virginia City 
Gerlach 


4.3 Industrial 


4.3.1 Nevada Industry by SIC Code. 

The industrial sector of Nevada includes manufacturing, mining 
and milling, and large scale warehousing. The manufacturing for 
Standard Industrial Classification Code categories 20 through 39 
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arc tabulated in Table V . Enoryy Use by City/Enorqy Use Site 
for Industrial Sector (by County) . An explanation of Table 
and detailed methology are set out in the accompanying Footnotes 
section. 

This data provides a good cross section of the manufacturing. 
Tabic VI , Comparison of the Listed Number of Establislimcnts and 
Employees in Industrial Directories and the Nevada Department of 
Emploimient Security, is a summary of Table V . For the State 
as a whole, calculations give a figure of 6.705 x 10 Btu of 
energy used per year for the manufacturing sector. IIow<.-vor, the 
industrial directories are incomplete. They list only 371 of 
the firms, and 43% of the employees listed by the Nevada Depart- 
ment of Employment Secuiity. Althougli valuable for futu.» plan- 
ning purposes, the SIC data has not been used dirt'ctly in the 
final industrial energy sc and market penetration projections. 

4. 3. 3 Total Industrial Energy Consungition by Nevada 

Based on data and projections given in the 2nd edition of Energy in 
Nevada , the total industrial energy consumption for manufacturing, 
mining, milling and warehousing in Nevada is estimated to be (excluding 
losses in electrical generation): 

Year lO^^ ptu 


1975 

21.764 

1985 

30.656 

2000 

37. 7,14 

2020 

51.033 


0 
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TA1U.E VI COMPARISON OF T1!K LISTED NUMBER OF ESTADLISUMENTS 
AND EMPLOYEES IN INDUSTUIAI. t)lRECTORlES AND 
THE NEVADA DI'.PARTME.NT OF EMl-I.OV.'B'.N 1’ SIlCURlTy 


COUNTY 

Nnme 

Industrial 

Directories 

Nevada Dept, of 
Em|.' 1 oy me n t S cc u r i t y , 

Energy 

Use 

10^2 Btu/yr 

No. of 
Firms 

No. of 
Empl oyi'cs 

No. of 
Firms 

No. of 
Employees 

Carson City 

22 

494 

61 

1,275 

0.37 5 

Churchi 3 1 

7 

69 

13 

163 

0.077 

Clark 

119 

2,2.29 

280 

7,086 

1.150 

Douglas 

3 

394 

12 

888 

0.24 0 

Elko 

5 

54 

13 

138 

0.257 

Esmot a 3 da 

- 

- 

- 

- 

- 

Kuroka 

- 

- 

- 

- 

- 

Humboldt 

4 

3 9 

11 

28H 

0.057 

Lander 

- 

- 

1 

6 

0.000 

Lincoln 

1 

8 

2 

10 

0.132 

Iiyon 

1 

175 

14 

159 

1 . 1 04 

Mineral 

_ 

- 

3 

14 

0.118 

Nye 

_ 

- 

3 

7 4 

1 

0 . 07 3 

Pernhiiuj 

_ 

- 

6 

49 

0.019 

St ort-y 

- 

- 

2 

5 

0.007 

V.aslioo ! 

1 

1 12 

4, 07 5 

315 

7,889 

3 . ObB 

White Pino 

1 

312 

1 

312 

0.008 

Multi -County 

— 

“ j 

8 

19 

0,020 

TOTAL 

27 5 

7,84 9 

74 5 

18,375 

6.70 5 



4.3.3 Total Industrial Enorqy Consumption by County 

Estimates of the amount of energy used by industrial customers 
in each county were obtained in a manner similar to that used 
for the residential and commercial sectors. That is, county 
population projections were used to apportion (Table III) the 
total industrial energy demand, as projected in the 2nd edition 
of Energy in Nevada . 

Industrial energy use sites arc situated in the cities, mining 
and milling communities, as well as in isolated localities. 
There are 114 mineral resource mills in sixteen counties on 
record with the State Inspector of Mines office. 


5.0 

GEOTHHRMAL MARKET PF.NHTEATiON 

METHODOLOGY 

5. 1 

Resident ial /Commerc i a 1 Market 

I'enet ra t ion 


To obtain estimates of the amount of energy capturt'd by geol hernia 
development in the various communities, a "Capturi' Fract ion" '-.’as 
used. The numerical values assigned to these fractions wox'e 
dcv'cloped logically, but not without a consicic'raM c' amount o*' 
considered judge-men* applied to insure reasonable results. The 
fractions used are shown in Table Vll . 

To develop those fract.ions, optimistic but realistic values for 
1985 were estimatc'd. The 1985 fractions where then used to com- 


puto tho fractions for 2000 and 2020 by afjsuminq 10:, annual ijrowlh 
in the capture rates throuqh 2020. 



TABLE VII 

CAPTURE 

FRACTION’.^ 

(t) 


GKOTIlER.MAh POTENTl Ab 

197i) i^) 

198f^ 

2000 

2 02 0 

NIL 


0 

0 

0 

0 

LOW 


0 

o 

• 

o 

2. Oh 

14.06 

MODERATE 


0 

1.00 

4.18 

28.10 

HIGH 


0 

l.hO 

6.27 

4 2.43 


In Vt’ry litt.lf' lu-c-t hin :na 1 eneray w.is utjli.-.cd. outsicU' 

of the Truekee ’>k'adowa U-’euo had a eapt ivi- 

fiMction of aj’prt'xiniafely 1 H of I ( ! oi- Keiio) . 

The capture fractions wcr<.' usiul .is nuilliplicrs to convei t tho 
estimates of potent ial qoot hi'iinal sp.ici' and wati'r lu'atina (Taldo 
III) into estimates of expected qoot hormal imerviy use. 

A subjective judqemcnt vas macit' to deti I'raine whicli comtuin i t i os 
could expect hiqli, moder.ite, Un-.' or neqliail’lo qi'otlionnal dt'VL-I- 
opment . Tlie factors considered; in arrivinci at this ilot erm i n.i t i (>n 
incUuie: the temperaturi', si:h and luq-ith to reS'Ouree atu; prox- 

imity to tlie resource. Thus, a city such as Remo rocoivod a hiqh 
ratine because of its proximity to .i hot, laruc, shallow aootlHumal 
resource (Stc.imboat-ilut f a';or .uul ‘toana) , A town luich .is .RtMrch- 




light in southern Nevada, which is 14 kilometers from a well 
with 31®C water, was assigned a negligible (Zero) captive frac- 
tion. 

Table VIII lists the est imated geothermal penetration of the resi- 
dential and commercial sectors for the counties and conmuinities. 

5 . 2 Industrial Market Penetration 

Residential and commercial growth arc projected to be largely in 
existing communities. On the other hand, industrial growtli will 
bo in communities whore existing (1975) industry is located, and 
secondly, where significant savings can be rcali;!ed right at a 
geothermal resource site. 

The basic assumptions for the estimates of the indu.'-.tr ia 1 market 
penetration analysis are: 

1. The bulk of the new higli onorgy-use industry, between 
1985 and 2020, v/ill be attiacted by, and locate in close 
proximity to, high and inlenuediate t enipc'rai m l- geother::\)] 
resources . 

2. Light industry will continue to 1 oea t o near popu 1 at i on 
centers, but will favor tlior.e couamm i L i e.s offering geo- 
thermal energy. 


1 < 
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5.2.1 Penetration Based on County Population Fractions and 


Geothermal Resource 

Distr ibut ion 



Total industrial energy use (in 10^^ Btu's) 

for the entire 

State 

is projected to be 30.656 

in 1985, 37.714 in 2000, and 51. 

03 3 in 

2020. It is assumed for this study that: 



1. Geothermal energy 

use penetration 

was nil in 1975 

for 

all counties, but 

statewide it is 

projected to be 

; 


PERCENTAGE 

10^“ Dtu 


YEAR 

PENETIWnON 


1985 

5% 

1.533 


2000 

20% 

18.857 


2020 

50% 

25.517 



2. 50?. of the geothermal cajjturo is a.'.sumed to bo in the 
cities and larger communities presently c-xistinq, re- 
gardless of geothermal use i»otential. lad imateJ capture 
by county is assumed to be in proportion to population 
(Table IX). 

3. 50?. of the geothermal capture it: assumed, to be in those 
counties where the geotherm.il rc'scnirce.: presem ly exhibit 
the greatest potent xal. Tlie geotlu'rmal rof'.ourci- potential 
is based on the weighted poler.tial of the high, inteia..ed- 
iate and low tempc'rature rc's-ources in e.ieh county. 

Table X lists the number of hit;h .ind intermed i .ite t(anj>er- 

ature resources for e.-.ch county a.s liste.i in U..S. Ceolou- 
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TABLE IX INDUSTRIAL ENERGY USE UY COUNTY 

APPORTIONED BY POPULATION (10^^ Btu) 


COUNTY 

1975 

1985 

2000 

2020 

Carson 

0.934 

1.738 

2.485 

3.628 

Churchill 

0.442 

0.469 

0.445 

0.505 

Clark 

12.192 

16.625 

20.618 

28.150 

Douglas 

0.409 

0.622 

0.683 

0.862 

Elko 

0.559 

0.653 

0.690 

0.847 

Esmeralda 

0.026 

0.031 

0.030 

0.036 

Eureka 

0.041 

0.043 

0.041 

0.046 

Humboldt 

0.261 

0. 319 

0.351 

0.439 

Lander 

0.111 

0.110 

0.098 

0.097 

Lincoln 

0.100 

0.110 

0.121 

0.148 

Lyon 

0.383 

0.254 

0.215 

0.219 

Mineral 

0.244 

0.239 

0.215 

0.230 

Nye 

0.207 

0.224 

0.223 

0.255 

Pershing 

0.100 

0.1] 0 

0.109 

0.128 

Storey 

0.037 

0.046 

0.049 

0.061 

Washoe 

5.345 

8.765 

11.137 

15.213 

White Pine 

0.372 

0.297 

0.204 

0.168 

TOTAL 

21.764 

30. 656 

37.714 

51.033 
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TABLE X WEIGHTED GEOTHERMAL RESOURCE POTENTIAL AS UTILIZED 

IN CALCULATING PARTIAL PENETRATION OF THE INDUSTRIAL 

SECTOR, BY COUNTY 


County 

Number of U.S.G.S. 

High & Intermediate 
Temperature Reservoirs 

Weighted 

Rating 

Number 

Weighted 

Rating 

Percentage 

Carson City 


0 


1 

2.5 

Churchill 


6 


4 

10.0 

Clark 


0 


1 

2.5 

Douglas 


1 


1 

2.5 

Elko 


7 


4 

10.0 

Esmeralda 


0 


1 

2.5 

Eureka 


4 


3 

7.5 

Humboldt 


11 


6 

15.0 

Lander 


3 


2 

5.0 

Lincoln 


0 


1 

2.5 

Lyon 


3 


2 

5.0 

Mineral 


0 


1 

2.5 

Nye 


2 


2 

5.0 

Pershing 


8 


5 

12.5 

Storey 


0 


1 

2.5 

Washoe 


6 


4 

10.0 

White Pine 


1 


1 

2.5 

TOTAI. 




40 

100.0 
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ic«l 8urv«y Circulars 726 and 790, Although some counties 
have none listed, the fact that all have some low temper- 
ature sites ami a potential for undiscovered high and 
intermediate temperature reservoirs, all counties are 
given a weighted rating number , as follows i 


Number of U.S.G.S. 

High Ct Intermediate 
Temperature Reservoirs 

Weighted 

Rating 

Number 

1 

o 

1 

2-3 

2 

4-5 

3 

6-7 

4 

8-9 

5 

10-11 

6 


The weighted rating numbers total 40. Elko County, for 
example has 4 out of 40, or 10% of tho total for all the 
counties. 

The capture fraction for a county in 10^^ Btu's is the 
product of the weighted rating pcrcenlage, he 50% pene- 
tration based on geothermal resource distribution, and 
the estimated geothermal use penetration statewide for 
a given year. For example , the geothermal energy cap- 
ture for Elko County in tho year 2000 would be: 

0.10 X 0.50 X 18.857 x 30^2 gtu ~ .943 x 10^2 

17 




Table XI lists the penetration based on geothermal resource dis- 
tribution (501 of the total) and penetration based on county pop 
ulation fractions (50% of the total) . The three columns to the 
right give the sum of the two, or total geothermal market pene- 
tration. 


IB 




tabu; XI IHDUSTkIAL UtEWiX USE AMD USUTHEMIAI. MAMET 

PEMETRATIOM BT COOMTY POB 1B84, ^*<1, «h1 JOJU (10*“* Btut 



7S8 0.705 ‘I.<1W U.75B 1.5J2 j U.IK4 
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TABiE II 


CHtilB 


uxxtim 


Sice 
10 No. 

Sitm N«e 

i 

Site Location 

0201 

Senator Puaeroles 

Sec. 31, 25M-37E 

0202 

Dixie Coeatock Mine 

Sec. 14, 21H“3SE 

0203 

Dixie Hot Springs 

Sec. 8, 22M-35E 







0204 

Settleaient Road Wells 

Sec. 36, 21H-34E 

020S 

Edwards Creek Valley 

Sec. 6, 20H-38E 

0206 

Brady's Hot Springs 

Sec. 1, 22N-26E 







0207 

Carson Sink-Alkali Flat, 

Sec. 10, 22W-31E 


East Side 


0206 

Carson Sink-Alkali Flat, 

Sec. 15, 22M-30E 


West Side 


0209 

Desert feaK 

Sec.21, 22M-27E 







0210 

Eagle Salt Works 

Sec. 34, 22M-26E 

0211 

Upsal Hogback 

Sec. 7, 21M-29E 

0212 

Soda Lake 

Sec. 28, 2CW-28E 






0213 

Stillwater 

Sec. 6, 19H-31E 







02l'4 

Fallon Haval Air Station 

Sec.H, 18H-2^ 

0214 

Carson Lake 

Sec. 7, 17H-30E 

0216 

Eight Mile Flat 

Sec. 14. 17M-30E 

0217 

Four Mile Flat 

Sec. 6, 16M-32E 

021B 

Lee Hot Springs 

Sec. 34, 16H-29E 
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.-HILL CCXJMTY HOT-WATEK CXHfVECTlOH SYSTEMS 


2EMPERATORE *C 

RESEBVOIR ASSUMPTIOIIS 

RMSK» raratTiAL 

Surface 

Geocheaical 

Mean, 

VolUBe 

Res^voir 

MeUtMad 

Beneficial 



BHT 


theraal 

tberml 

teat 



PT 


«eroy 

•"•rsy 

U<r®j) 

(io**a) 

(1) 

(2J 

(31 

(4J 

(SI 

m 

‘’Vi 

Boil S 


144* PT 

3 

1.04 

0.26 

TlM5 

Hot MH 


144* PT 

3 

1.04 

0.2^ 

0.063 

72* S 

127* (K) 

139**4* 

3.3 1 0.9 

1.12 *0.31 

0.2# 

0.067 


145* (A! 







145* fA) 






23* H 


35* PT 

1 

o.'o? 

0.01 

0.003 

24* W 


36* PT 

2.5 

0.14 

0.04 

0.009 

98* S 

140* 

I55**6* 

22 1 11 

8.2 1 4.2 

2.0 

0.48 


155* 

188* BHT 






170* 






25* M 


38* PT 

3 

0.19 

0.05 

O.Qll 








Hot W 


38* PT 

3 

0.19 

0.05 

0.013 








Hone 

208* (H) 

221*15* 

52 1 IS 

29 * 10 ___ 

7.2 

1.73 


225* (I) 

199* BHT 






229* ik) 






Hot S 


144* PT 

3 

1.04 

0.26 

0.063 

22* M 


33* PT 

3 

0.15 

0.04 

0.009 

Boil H 

144“ (M) 

157*15* 

19.6 * 11.3 

7.5 1 4.3 

l.W 

0.45 


161*a) 







105* (A) 







140* (I» 

159*18* 

59 1 22 

22 1 9 

5.7 

1.37 


159* iCI 

136* BHT 






177* (1C) 









3 




■~76*"§ 


105* PT 

3 


OI 

~576!n 

SI* s 


120* PT 

2.5 

0.71 

___ 

0.043 

Hot S 


120* PT 

2.5 

0.71 

0.18 

0.043 

aoii s 


166*1 3* 

1.3 1 0.9 

1.36 i 0.38 

0.34 

o.oe 





TABLE 11 


c;IABK 


COOMTY HOT -HATER C£41VECT10M SYSTEMS 


LOCATION 

TEMPERATURE *C 

RESERVOIR ASSUMPTIONS 

EKRGV POTENTIAL 

Site 

Site Haae 

Site Location 

Surface 

Geocbeaical 

Mean, 

VoluM 

Reservoiz 

MellbMd 

1C lai 

ZD No. 






BUT 

kii^ 

tlieraal 

tberaal 

Heat 







PT 


etargy 

U0^®J) 







(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

0301 

Bunker Vi lie 

Sec. 35, 

13S-70E 

25* W 


31* PT 

1 

0.04 

0,01 

0.001 

0302 

Hodpa (Muddy River) 

Sec. 16, 

14S-65E 

32* S 


romsm 

1 

0,07 

0,02 

0.(X>4 

0303 

Whipple 

Sec. . 34 , 

15S-67E 

24* W 



1 

0,04 

0.01 

0,003 . 

0304 

Indian Springs 

Sec- 1£ , 

16S-56E 

26* S 


n* PT 

1 

0.05 



Q.0Q3 

030S 

Hud W^sh 

Sec. 6? 

17S-69E 

24* S 


30* PT 

1 

0.04 

■acM 

0.002 

030£ 


Sec. 13, 

18S-67E 

30* S 


38* PT 

1 

0.06 

0.02 

0.004 

0307 

White Rock Spring 

Sec. 33, 

20S-58E 

26* S 


33* PT 

1 

0.05 

0.01 

0.003 

0308 

Las Vegas 

Sec. 16, 

22S-61E 




10 

0.12 

0.03 

0.007 

0309 

Natioral Park Serv. Well 

Sec. 9, 

21S-65E 



44* PT 

1 

0.08 


0.005 

0310 

Brown's Spring 

Sec. 15, 

22S-54E 

24* S 

■■■■■■I 

itflSSSB 

1 

0.04 

0.01 

0.002 

0311 


Sec. 32, 

22S-65E 

47* S 


71* PT 

1 

0.15 

0.04 

0.009 

0312 

J(:4n Lake 

Sec .13, 

25S-60E 

27* W 

■bhbhb 

41* pt 

1 

0.07 

0.02 

0.004 

Oil i 

Well NW of Nelson 

Sec. 29, 

24S-63E 

28* W 


35* i'T 

1 

0.05 

0.01 

0.003 

0314 

Hell South of Searchlight 

Sec. 9, 

30S-63E 

31* W 


39* PT 

1 

0.06 

0.02 

0.004 

0310 

Willow 

Sec. 9, 

31S-65E 

31* W 


39* PT 

1 

0.06 

0.02 

0.004 

0316 

Davis Daai 

Sec . 24 , 

32L-66E 

27* W 


34* PT 

1 

0. .5 

0.01 

0.003 

■mm 

HBHHIHHHiHHHH 


nnmii 




■HHHI 





HHHIi 

■ihbhhi 


. 

HBBHBHi 

BHHHIi 








L_ _ 








hbhhhhhh 

miHHi 


m|HBB 

HHBHHI 

HHHIHHil 

HHHHI 








SHmiHB 


HBHM 










HHHiH 

BBBhBB 





























. 


























nmumm 

yS|S| 



















mmmu 


1 





■HIHli 


HHlHHHiHHi 

IHHH 

BhBSBI 

HHHHI 

BHHBHB 

HHHIiHI 

HHBHI 

HMHIHBBi 
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TABLE II 


DOtjr.LAS 


COOHTY HOT- WATER CCMVECTIOM SYSTEMS 


LOCATIOH 

TEMPEIATURE *C 

RESERVOIR ASSUMPTIONS 

EMEDGY POTENTIAL 

Site 
ID No. 

Site Nane 

site Location 

Surface 

Geocheaical 

Mean, ' 

BHT 

PT 

(3) 

Volune 

Reservoir 

tbemal 

Wellhead 

tberaal 

tenef ictal 
Heat 




(1) 

(2) 

(4) 

enerw 

(10*®J) 

(5) 

energy 

(icr®j) 

(6) 

(10^®J> 

(7) 

0401 


Sec. 23, 14N-19E 

46* S 


69* PT 1 

1 

0.15 

0.04 

0.009 

0402 


Sec. 21, 14N-20E 

50* S 


lasaBsm 

1 1 

0.16 

0.04 

0.009 

0403 

1 Wally's (Genoa) Hot Sps. 

Sec. 22, 13N-19E 

83" W 

109*(P)85*(I> 


2.0 

0.51 

0.13 

0.031 

0404 


Sec. 20, 11N-21E 

EBBS 


31* PT 

1 

0.04 

0.01 

0.003 



i 

1 i 



















1 

1 



1 


1 





1 











1 









i 













1 








1 



1 































































































































































1 
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TABLE II 


ELKO 


COUNTY IIQT-NATER COm’KCTION SYSTEMS 


UlCATIOH 

TEW>ra«T0RE *C 

RESERVOIR ASSUMPTIONS 

EMEMGY POTBMTIAL 

Site 
ID No. 

site NaiM 

Site Location 

Surface 

Geocbeolcal 

Mean, 

BHT 

PT 

(3) 

Voluaie 

ki»* 

Reservoir 

thermal 

Wellhead 

therstal 

BaMficial 

Beat 




(1) 

(2) 

(4) 

«>ergy 

ao“d» 

(5) 

•“•ray 

(10^*4) 

J61 

U0“j) 

0501 


Sec. 18, 47N-65E 

38“ W 


57“ PT 

1 

O.U 

Kami 


0502 

Milligan creek 

Sec. 9. 47N-67E 

30’ S 


tkmiM 

1 

cTM 


KSi2JBBBi 

0503 

Goose Creek 

Sec. 15, 46N-69E 

43* H 


gggi3» 

1 

oTIi 

0.03 

0.006 

0504 

Tennessee Mountain 

Sec. 14, 46N-56E 

40“ S 

_ 

60“ PT 

1 

0.12 

0.03 

6,00) 

0505 


Sec. , 46N-58E 

27“ MW 


41“ PT 

1 

0.07 

0.02 

0.004 




HfiBl 

ImililZliHi* 

■Tisasi 



BURHi 

o.S 




amSm 










HHHIi 

■miomf 






0507 

Hountain City 

Sec.36?,4«l-53E 

Hana S 


60“ PT 

1 

0.12 

0.03 

0.007 



Sec. 20, 46H-54E 

41“ S 


60“ PT 

1 

0.12 

0.03 

0.007 

0509 

Mineral Hot (Contact 

Sec. 16, 45«-f4E 

60“ S 

mniiiiim 

E!7Qi1S9i 

1 

0.H» 

0.05 

0.012 


Mineral) Spring 



FHIVni^i 


1.5 

0.47 

0.12 

0.028 

0510 

Ware Spa, Crk. Canyon So 




65“ PT 

1 

0.14 

0.03 

0.008 

0511 


sec. 4. 43M-55E 

54’ S 


irlUi'3JB 

1 

0.15 

0.04 

0.009 

0512 

Hot Creek Springs 

Sec. 32, 43N-60B 

68’ S 


102“ PT 

1 

0.23 

0.06 

0.014 


Hot Sulfur Springs (Near 

Sec. B, 41N-52E 

90“ S 

144“ (D) 

■TiEgga 

J-J-* Q g 

■msiEifi 

0.34 

0.08 


Tuscarora) 



167“ (A) 










184“ (I) 





jjBBBBBB 


Wine Cup Ranch 

Sec. 25, 41M-64E 

59“ W 


89* PT 

1 

0.20 

O.OS 

BESIQHMi 



Sec. 15, 41N-67E 

22“ W 

|j||||||||||||||l[|||[^ 

KMI51 

1 

0.05 

0.01 

0.003 


Petaini Springs 

Sec, 6, 40N-53B 

ESSO 

— ■■ 


1 

0.05 

0.01 

0.003 


Thousand Sfurlngs 

Sec. 10, 40H-69E 

Boil S 

BSHBi 


1.5 

1.18 

0.29 

0.070 


Midas 

Sec.36?,3«)-45E 



71“ PT 

1 


03 

0.009 







1 

0.15 

0.04 

0.009 



BcffaiglTPfHSCTi 



33“ PT 

1 

0.05 

OI 

“051 




Hot S 


71“ PT 

1 

sm 

|[||Q£2Hi 

6.6M 


I'Tl y jri[-||||||||||||||^^ 

Sec, 25. 38H-46E 

Hot Lk. 


71“ PT 

1 

05 

0.04 

0.009 

0523 

Willow Creek Reservoir 

Sec. 11. 3BN-48E 

Harm? s 


71“ PT 

1 

05 

0.04 

0,009 

■KSTini 

Humboldt Wells 

Sec. 17. 38M-62E 

61 “ s 

■ESZSO 

BiSiai 

HEEK3BEB 

HKSKJEK!! 


07515 





102“ (D) 

HHH 

HHBHBBHI 

eomhhb 

HBHHB 








■■■■ 



BB— M 
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TABLE II 


EUREKA 


COUNTY HOT-WATER CONVECTION SYSTEMS 


> 

I 

4 - 


UXATION 

TEMPERATURE •€ 

RESERVOIR ASSUMPTIONS 

ENEAGY POTENTIAL 

Site 
ID No. 

site 

site Location 

Surface 

(1) 

Geocheaical 

(2) 

— 

Mean, 

BHT 

PT 

(3) 

VOlUBUt 

k»^ 

(4) 

Reservoir 

theraal 

energy 

(10^“J) 

(5> 

Hellbajd 

tbenul 

energy 

(6) 

Beneficial 

Heat 

ao^®j» 

(7) 

0701 

Horseshoe Bench Springs 

Sec. 32, 32N-49E 

58" S 


87* PT 

1.5 

0.29 

0.07 

0.017 

0702 

Beowawe Geysers 

Sec. 17, 31N-48E 


211" (M) 


8.2 ± 1.9 

4.7 t 1.1 

1.18 

0.28 





226" (C) 

212* BHT 






1 



251" (K) 






0703 


Sec. 6. 31N-52E 

Wdim S 


57* PT 



0.03 

n. rx»7 

0704 

Hot Springs Point 


74« W 

74" (H) 



■niTSKiMH 

0.175 

0.042 






87"<D) 1 

■IIMMi 








■■■■i 

■■fBnm 






0705 





iTOEB 

1.5 

0.46 

0.115 

0.028 

0706 



aum 



1 

0.11 

0.03 

0.007 

■■■■I 


■■■■■■■■■I 


■■■■nm 


■■^^■■llllll 

■■■■■■■ 


IBBHBHIi 

0707 

P»fyie€^CliNlBlTMiT?yflB«yeyaB 

Sec. 14. 27N-S2F. 

i^BSi 


lOi* PT 

1.5 

0^15 

0.Q9 

tbil2i 





|H|||||H|||||| 

■^■■lllll 


hiIIIIBHI 

§■■■■■ 


0700 


Sec. 5. 25N~S3E 

wsam 


39* PT 

1 

0.06 

0.02 

0.004 

0709 


Sec. 33. 24H-48E 

■nn 

rrcyrxKTsnn 

120* 

3 

0.85 

0.il 

n n«n 

0710 



gBlM 


53* PT 

1 

0.10 

BBERBI 

0,006 



RMRHRIflKRS 

Blin 


61" PT 

1.5 

0.19 

EIm 

0.011 

0712 





36" PT 

1 

0.CV6 

0.01 

0.003 



hhhhhIhhh 

sss 


HHHH 

HHHIHHI 

HBIHHHi 

HHHHi 

HHHHHHi 

0713 

Sulfur Springs 

Sec. 36, 23N-52E 

nnm 


34* PT 

1 

0.06 

0.02 

0.004 

0714 

Bartine Hot Springs 

Sbc.17?,19H-50E 

KEiEB 


71* PT 

1.5 

0.23 

0.06 

0,014 

0715 

Klobe (Bartholomae) 

Sec. 28, 18N-50E 

70" W 

129^(P) 72*n) 

130* 

3 

0.93 

0.23 

0.056 






HHlHi 



HHHH 




HHHHHHIHi 

HHH 

HHHIHB 

HHHH 

IHBHHHHI 


HHHHIi 


IHBH 

HHHHIBHBHHBHi 

HBHIHHHHH 

IHHHI 

HHHIHHI 

|B||H||||B 



HBHHI 

hhhhhI 
























HHHI 


HHHIH 

HHHIHHI 


HIHlHi 


IHHH 

HHIHHiHHHHHHH 


HHIH 

HHIHHBI 

IHHH 


WtttKKKKKi 


hIhhhBB 
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TABLE II HUMBOLDT 


COUNTY HOT-WATER CONVECTION SYSTEMS 


tXlCATION 

TEMPERATURE *C 

RESERVOIR ASSL-TTIOMS 

EMCaGY POTENTIAL 

Site 

Site Naae 

Site Location 

Surface 

Geochemical 

Mean, 

Voltime 

Reservoir 

Wellhead 

Beneficial 

ID No. 





BHT 

km^ 

thermal 

thermal 

HMt 






PT 


eoeroy 


(10*®J) 




(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

0801 

Cordero Mercury Mine 

Sec. 28, 47N-37E 

60 ‘M 


90* PT 

1.5 

0.30 

oTtS 

0.018 

0802 

Bog Hot Springs 

Sec. 18, 46N-28E 

88* S 

108* 109* 

115* 

3 

0.81 

0.20 

0.049 

0803 

Baltazor (Continental) 

Sec. 13, 46N-28E 

93* S 

152* (I) 

158*23* 

6.1 * 2.1 

2.4 * 0.8 

0.59 

0.14 


Hot Springs 



158* (K) 










165* (A) 






0804 

Virgin Valley Campground 

Sec. 2. 45N-26E 

32* H 


48* PT 

1 

0.09 

0.02 

0.005 

0805 

McGee Mountain 

Sec. 24, 45N-27E 

55* W 


83* PT 

1 

0.18 

0.05 

0.011 

0806 

Five Mile Spring 

Sec. 22, 45N-33E 

28* S 


42* PT 

1 

0.07 

0.02 

0,004 

0807 

Goosey LaXe Flat 

Sec.l9?,45N-41E 

Hot 5 


87* PT 

1 

0.19 

0.05 

0.012 

0808 

Gridley Lake 

Sec. 12, 44N-27E 

Warm S 


83* PT 

1 

0.18 

0.05 

O.OU 

0809 

Howard Hot Springs 

Sec. 5, 44N-31E 

73* S 

128* (P) 81* (i; 

130* 

2.5 

0.78 

0,19 

0,047 

0810 

Hinemile Spring 

Sec. 10, 44N-33E 

26» S 


39* PT 

1 

0.P6 

0.02 

0.004 

0811 

Dyke Hot Springs 

Sec. 25, 43N-30e 

70* S 

76* (E) 

106**i2* 

3.3 * 0.9 

0.82 * 0.26 

0.20 

0.048 





106* (B) 










137* (E) 






0812 

Quinn River Crossing 

Sec. 11, 42N-31E 

24* W 


36* PT 

1 

0.06 

0.01 

0.003 

0813 

Delong 

Sec. 32, 42N-33E 

24* W 


36* PT 

1 

0.06 

0.01 

0.003 

0814 

Quinn River 

Sec. 20, 41N-35E 

27* H 


41* PT 

1 

0.07 

0.02 

0.004 

0815 

Gondra-The Hot Spring 

Sec. 20, 41N-41E 

58* S 

109*(P)209*(I) 

87* PT 

1.5 

0.38 

0.10 

0.023 

0816 

South Fork 

Sec. 4, 41N-43E 

Hot S 


87* PT 

1 

0.19 

0.05 

0.012 

0817 

Soldier Meadows Hot Sps. 

Sec. 23, 40N-24E 

54* S 

113*(P)65*(1) 

115* 

2.5 

0.68 

0.17 

0.041 

0818 

Pinto Hot Springs 

Sec. 21, 40N-28E 

94* S 

153* (C) 

173**8* 

10 * 3.1 

4.3 * 1.4 

1.07 

0.26 





176* (I) 










190* 






0819 

Cain Spring 

Sac. 30, 39N-27E 

23* S 


35* PT 

1 

0.05 

0.01 

0.003 

0820 

Double Hot Springs 

Sec. 4, 36N-26E 

90* S 

114* (D) 

127*±5* 

12.2 * 4.2 

3.7 * 1.3 

0.92 

0.22 





127* (I) 










140* (A) 






0821 

HacFarlane's 

Sec. 27, 37N-29E 

77* S 


lli* PT 

3 

0.81 

0.^ 

0.049 

0822 

Sand Dunes 

Sec. 3, 37N-39E 

70* M 


105* PT 

2.5 

OI 

o.i4 • 

0.036 

0823 

Hot Springs Ranch Sps. 

Sec. 35, 3^N-43E 

Hot S 


87* PT 

1.5 

5725 

5757 

o.oi7 


Footnotes 1 thru 7 - See Explanation Page 
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TABLE II 


LANDER 


COUNTY HOT-UATER CONVECTION SYSTEMS 


> 


LOCATION 

TEMPERATURE *C 

RESBRVOZR ASSUHPTIOMS 

BMERGY ROTBNTIAL 

Site 
ID No. 

Site Naae 

Site Location 


Geochemical 

Mean, 

BHT 

PT 

(3) 

Volume 

km’ 

Reservoir 

thermal 

Mcllbeed 

thermal 

B*Mf icZ«l 
H*«t 




H 

<2) 

(4) 

enerqy 

uoi"j) 

(5) 

(6) 

ao^*j) 

<7) 

0901 



28» S 


42* IT 

1 

0.07 

0,02 

0.004 

0902 

White Rock Sorinqs 

Sec. 8, 33N-47E 

Warm 5 


126* PT 

1 

0.30 

0J3 

0.018 

0903 

Battle Mountain 

Sec. 6. 32M-46E 




1 

0,30 

■Flim 

0.018 

0904 J 



watm 


36* PT 

1 

0,0^ 

0.01 

0.003 




Bnm 

■■EniRTH 

I'uuiru 

5^7 i 2,0 

HESUnF!? 

0,^2 

O.lOO 

■■■ 



■■■■ 

■RRTXni 

■■■■ 

■■■■■■■ 


HIHHi 


mmm 



iHihiiiii 

Mllill.lM 

■■nini 


IBBHiHHi 

HHHHI 


0906 






1 

0.14 

0.03 


0907 

Hot Sprinqs Ranch 

Sec. 26, 27N-43E 



81* PT 

1,5 

0.27 

0.07 

0.&16 

0908 

Chillis Hot Sprinqs 

Sec. 27. 27N-46E 

39* S 


mMsm 

1 

0.12 

QJ13 

0.007 

0909 

Carico Lake 

Sec. 15, 26N-45E 

WMJMi 


BQiini 

1 

0.05 

HIRflRn 

0.003 

0910 

Lister 

Sec. 27, 24N-43E 

WViM’M 



1 


0.03 

0.007 

0911 

Little Hot Sprinqs 

Sec. 2. 23N-47E 

iTunrai 


iTCTvn 

1 


0.06 

0.015 


McCoy-Wild Horse 

Sec. 18, 23N-40E 



ECTR3I 

3 


0.59 

0.142 


Peterson's Hill Hot Sp. 

Sec. 36, 20N-40E 

Hot S 



1 

QJJ 

0.03 

_Q.J3D3 


Southern Snith Crk.Vallei 

Sec. 26, 17N-39E 

Boil 

116* (D) 

Tiigiai 

3.3 * 0.9 

■KQUEBE 

0.28 


hllHHI 




143* (A,K1 






tariuiii 




156*(I» 







Grimes Hills 

Sec. 20, 18N-47E i 

21* W 


Boim 

1 

0.Q4 


0.003 


Spencer Hot Sprinqs 

Sec. 13, 17N-45E 

Boil S 

88* (J) 


3.3 * 0.9 

0.78 * 0.2j 

o.Tbs 

0.M7 





95* (D) 










123* (A) 








Sec. 24, 16N-44E 

mmm 


44* PT 

1 

o.oe 

0.02 

0.005 



Sec. 14, 16N-4&E 

Hot S 


73* PT 

1 

0J12 

0.02 

0.004 

■■■■I 

HHBHHHHHUHHl 

HBHHHHHIi 

IHH^H 

IHHHIIH 

HHHH 

HHHIHHH 

HHBHRHH 

BHHHIil 




HHHHHBBHi 

HHHI 


HHHHI 


HHHHI 

HBHHH 


IHIIIIHI 


HHHHHHHHi 

HHHIi 

HHHHH 

IHHHB 



HHHHIi 

hhhhhh 
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TABLE II 


LIWCXMH COUNTY HOT-HATER COHVeCTION SYSTEMS 


> 


tX)CATION 

TEWERATURE *C 

RESERVOIR ASSOMPTIOHS 

ENERGY POTENTIAL 

Site 
ID No. 

Site Naaw 

Site Location 

Surface 

Geocbesiical 

Mean, 

BUT 

PT 

(3) 

VolUM 

Reservoir 

thenwl 

Nellbeed 

thermal 

Beneficial 

■eat 




(1) 

(2) 

(4) 

energy 

(10^"J) 

(5) 

(l3^J) 

(6) 

(10^*J) 

<7) 

1001 

Geyser Ranch Sprinqs 

Sec, 1, 9N-65B 

21* S 


31« PT 

I 

. 0.04 

O.Ol 

0.003 

1002 

Hamiond Ranch 

Sec. 17, 5N-69E 

29* S 


44* PT 

1 

0.00 

0.02 

0.005 

1003 

Flatnose Ranch Spring 

Sec. 34, 1N-69E 

25* S 


37* PT 

1 

0,06 

0.01 

0.004 

1004 

Delaue's Spring 

Sec. 13, 1S-68E 

21* S 


31* PT 

1 

0,04 

0.01 

.0.003 

1005 

Bennett's Spring 

Sec. 7, 2S-66E 

21* S 


31* PT 

1 

0,04 

0,01 _ 

0.003 

1006 

Panaca (Owl) Ham Springs 

Sec, 4, 2S-68E 

32« S 


48* PT 

1 

0,09 

0.02 

0.005 

1007 

Sand Spring Valiev 

Sec. 26, 2S-55E 

30»S 


45* PT 

1 

o.oe 

0.02 

0.005 

1008 

Hiko Spring 

Ssc * X4 f 

32» S 


48* PT 

1 

0.09 

0.02 

0.005 

1009 

Caliente Hot Smcings 

Sec. 8, 4S-67E 

63* H 


95* PT 

1.5 

0.327 

o.oe 

0.019 

1010 

Crystal Springs 

Sec. 10, 5S-60E 

32* S 


48* PT 

1 

0.09 

0.02 

0.005 

1011 

Ash (Alaaio) Springs 

Sec. 36, 5S-60E 

36* S 


54* PT 

1 

0.11 

0.03 

0.006 

1012 

Ash Creek Spring 

Sec. 1. 12S-58E 

22* S 


33* PT 

1 

0.05 

0.01 

0.003 
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TABLE II 


LYOM 


COWfTY HOT-HATER COHVECTIOM SYSTEHS 


WJCATION 

TEJ«*ERATORE *C 

RESERPDIR ASSUMPTIONS 

amast POTSITIAL 

Site 
ID So. 

site Naiae 

Site Location 

Surface 

Cl) 


Hcan, 

PT 

(3) 

Volume 

(4) 

Reservoir 

thermal 

energy 

U0‘^) 

C5) 

Wellhead 
thermal 
e»*m 
(10* “d) 
(6) 

Beneficial 

HMt 

aoi*ji 

<7) 

1101 

Hazen-Patua Hot Spring 

Sec.l87,2<W-26E 

132* H 

161* (A) 


liSiyOESH 

leSl * 0,44 

TOi 

0.09 





166* (1) 

ihhhhih 








■■■■ 


IHIWIIII 





1102 

Sutro Tunnel 

Sec. 2, 16H-21E 

28* HH 




1 

Of 

oM 

0.004 

1103 

Dayton 

mrmwmxstmnm 


■■■■■■■ 

48* PT 

1 

0.0^ 

"lOS 

0.005 

1104 

HabusKa Hot brings 

Sec, 16, 1SM-25E 

»TtT«TI 


131*49* 

■npmsmni 

EmExmBi 

1.43 

0.34 




mSm 

140* (K) 










146* CH) 




HHHHi 


1105 


Sec. 25, 13H-23E 

28* W 



T 

c:w7 

BLBUdBlll 


1106 

Hind's (Hevada) Hot Sps. 

Sec. 16, 12N-23B 

67* S 

104*CP) 86* (I) 

105* 

1.5 

0.36 

0.09 

0.022 


Hilson Hot Springs 

Sec. 34. 11H-25E 

Harm S 


74* PT 

1.5 

0.24 

0.06 

0.014 

1108 

Welllnaton 

Sec. 2, 1IW-23E 

Hot H 


74* PT 

1 

0.16 

0.04 

0.010 

1109 

Aldrich Station 


43* S 



1 

0.14 

0.03 

0.000 






















|||■||■||||||■^ 

IBIIHIIIIIIH 

IBHHi 

|PI|||||H 

■|||M 



■nmi 

ibbhhhh 






































■■■■■■ 




















BSSSS 





















































■IIM 



■mnn 

IIIHHIIBHiH 

mmnB 

HHHHHIHl 

■■■BBIBHI 


lIBBBHHHi 






BBS 

IHHHHHii 









mmmm 










mmm. 

mSSSSSiM. 
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TABLE IX 


HI WERAL COUNTY HOT-WATER CONVECTION SYSTEMS 


LOCATION 

TKtVSRATUEE *C 

KESBKVOIR ASSUMPTIONS 

SNSM*r POTENTIAL 

Site 
ID No. 

Sits Hmm 

Site Location 

Surface 

U> 

G*ocbe«ic«X 

Mean, 

BBT 

PT 

Voluste 

(4) 

Neesrwoir 

thenal 

s(M«gy 

(10**J) 

(5) 

Hellhead 

tberasl 

(*) 

Beneficial | 

Heat 

uo^*j) 

i 

1201 

Double Spring 

Sac. 25, 13H-29E 

Nana S 



1 

67n 

cllss 

A.(Cw7 

1202 

Dead Horse Hells 

Sec. 21, 12N-32E 

Hot H 


7&* p* 

1 

07 

0.04 

6.016 1 

1203 

Hedell Springs 

Sec. 7, 12N-34E 

67* S 


101* PT 

2.5 

0.58 

0,15 

. 0,035 i 

1204 

Hawthorne 

Sec. 18, 8M-30B 

51* H 


76* PT 

3 

0.49 

0.25 

0.060 1 

1205 

Sodaville (Soda) Springs 

Sec. 29, 6N-35E 

38* S 


57* PT 

1 

O.ll 

0.03 

0.007 i 

1206 

Hhiskey Plat 

Sec. 19, 5N-31E 

42* H 


63* PT 

1 

0.13 

0.03 

Q.Q<M ' 

1207 

Huntoon Valley 

Sec. 7, 3H-31E 

26* H 

1 

39* PT 

1 

0,0« 

0.02 

0.004 j 

1208 

Basalt 

Sec. 32, 2N-33E 

45* H 


68* PT 

1 

0.14 

0.04 

O.OOS 1 
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TMU: II 


NYE 


COUNTY HOT-WATER CONVECTION SYSTEHS 


LOCATION 

TEMPERATURE °C 

RESERVOIR ASSUMPTIONS 

ENERGY POTiKTIAL 

Site 
ID No. 

Site Name 

Site Location 

Surface 

Geochemical 

Kean, 

BHT 

PT 

Voliane 

Reservoir 

thermal 

energy 

(10^“J) 

Wellhead 

thermal 

ener^ 

UO^“a} 

Beneficial 

Beat 

(lO^^J) 

































































































































NYE 


P«9« 2 


TAQLE II 


CtXflJTY HOT-WATER CONVECTIOM SYSTCHS 


liOCATION 

I TEMPERATURE *C 

RESERVOIR AESUHPTIOMS 

ENERGY POTENTIAL 

Site 
ID No. 

Site Name 

Site Location 

j 

Surface 

(1) 

Geochemical 

(2) 

Mean, 

BHT 

PT 

(3) 

Volume 

i 

Resorvoi t 
tbemax 
energy 

ao^oj) 

(5) 

Wellhead 

thermal 

energy 

(10^®J) 

(6) 

Beraef Icial 
Haat 

(lO^^J) 

(7) 

1328 

Reveille Mill Spring 

Sec. 28, 2N-50E 

29* S 



i 

5735 

~3752 

0.035 

1329 

Hell East of Reveille 


21* H 



1 

0.04 

0.01 

0.003 


Peak 









1330 

Cedar Spring 

Sec. 21, 2S-51E 

25* S 


38* PT 

1 

0.06 

0.02 

0.004 

1331 

Scottvs Junction 

Sec. 28, 7S-44E 

23* H 


35* PT 

1 

0.05 

0.01 

0.003 

1332 

Southern Sarcobatus Flat 

Sec. 16, 11S-47E 

43“ S 

i 

65* PI- 1 

L 10 

1.35 

0.34 

0.081 


-B«atty 






■■■■■■■ 

IHHHHI 

ibhhhh 

1333 

Yucca Flat 

1 37*03 '20"N- 

1 42* H 1 

cz zzn 

1 63* PT 1 

r 1-5 1 

1 oa? 1 

1 0.05 1 

1 0.012 



116*00 '50” 


mumiiim 



■■■■■■ 

bbhbi 


1334 

Steves Pass 

L=v..35, 13S-47E 

29* H 


44* PT 

1 

0.08 

0731 

0.005 

1335 

Jackass Flats 

Sec. 30. 13S-51E 

33* H 


50* PT 

1 

0.09 

0.02 

O.uOS 

1336 

Frencht»ari Flat 

Sec. 3, 14N-52E 

65* H 


98* PT 

1 

0.22 

0.06 

0.013 

1337 

Lathrop Hells 

Sec. 14, 15S-49E 

28* H 


42* PT 

1 

0.07 

0.02 

0.004 

1338 

Desert Rock 

Sec. 4, 16S-53E 

33* H 


50* PT 

1 

0.09 

0.02 

0.665 

1339 

Lower Amargosa Valley- 

Sec. 36, 17S-50E 

34* S 


51* PT 

10 

0,97 

0.24 

0.056 


Ash Meadows 









1340 

Pahrunp 

Sec. 15, 20S-53E 

28* H 


42* PT 

1.5 

0.11 

0.03 

0.007 
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rriTY hot-wat!:p ti 


kEHAr-r-x *c 


iy.-s^y.VrZious j 

tllEPCnf P'JTt.TX.'.L 

1 

jn , 

Vf.l'.ff.M 

X-' 

P(.i.':rvcir 

Wv 1 1 he«d 

Beneficial 


birr 

lh<;ri>v»l 

tiiornal 



r1 


.:r,.:ray 

(i'r'*j) 

^■r.«rq/ j 
ao*“j) 

(1'i‘^j) 

121 

f 

U) 

:9( 

(9) j 

t7, 


n - PT 

1.9 

0.07 i 

0.02 1 

0.004 

'if,* (D) 


1.1 0.9 

fb.90 * 0.26 1 

0-22 1 

0 Si 

124‘ (aTiT 

1 


IBIIIIIIIIBH^ 

IjlllBIIIII^ 

jllllllllllH 

124* (A,I< 







P44* PT 

1 1 

o.oa 

i 0.02 

0.009 

j 

fl||[|B||||B 

1 


ibhhhi 

||||||||||||[|B 

155* (Ai 

i ie2"‘-j* 

f 9.fT“2.7 

qqQIqBB^ 

1 0.96 { 

fOTTT 

160* (J) 1 

■jllllHIIIM 

|||||||||H 

mSSSSm 

■hbhh 

||[|||[|||[|■||^ 

1?0* (F) 1 



f — ! 

i 


172* (F) 1 

2i7^ie* 

; 1 . 1 T 0 . 9 

[^02 i 0.55 i 


O.llG ' 

BSaKOi 

211* BHfl 

[ ' " 


— ■ 


249* (IJ 




fiSSi 



^* PT ^ 

^ ] ' 

! 0.06 1 


1 0.003 

154* (Fi 

159*i 2” 

^ 12.8 - 9.£ j 

9.0 ± 2.2 j 

1 1 . 24 { 

0.10 

161* »A) 

1 


1 

1 I 

L 


161* (A) 

I 

[ - 1 



lljlllllHIIIII 

{,!• (H) 

97‘i 14* ! 

' 1 . 1 i 0 . 9 

|0.71 i 0.24 i 

' 0.183 1 

1 0.044 

101* (D) 


■■IIIM 


miHHi 


12&* (A) 

'1 

1 

r 

1 

|Sjj|HjiHil 

(■BHH 

IIBBHHH 


rn* pT ! 

1 

i 0.09 , 

; 0.01 1 

1 0.001 

IJ* (P) lb2*ai 

[ IPS* 1 


___ 1.19 i 

S 0.29 

0.069 


[^l*fc* 1 





79* (J» 1 


( . 1 i 0.9 

10.70 4 0.21 i 

1 0.179 1 

0.042 

86* (L) 1 

^ 1 





114* (A) j 

_ I 



BBBBB 


1 

PT 

2.9 



0.024 


84* PT I 

1.9 



0.017 

-J 

I 




[ 

i 

119* PT 1 

2.9 

0.70 

0.18 

1 0.042 

1 

'fcO* PT 1 

1.9 

r 0.18 

0.05 

0.011 

.. ‘ 

! 1 

1 

L 
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TABLE II 


PERSHING COUNTy HOT-WATEfi 
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SYSTEMS 


Page 2 


1 RESERVOIR ASSINPTIOHS 

EKERGY POTEMTIAL 

Volume 

(4) 

Reservoir 

thenaal 

energy 

(5) 

WellhMd 

thonaal 

energy 

(10^®JJ 

(6) 

Benef tolal 
^at 

{10^ ®J) 

C7) 

3.3 * 0.9 

1.02 i 0.29 

0.25 

0.06 
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TABLE II 


STOREY 


COOUTY HOT-HATER CONVECTIOM SYSTEMS 


LOCATIOH 


TEMPERATURE *C 


RESERVOIR ASSUMPTIONS 


EHENGT POTENTIAL 
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TABLE IT 


WASTOE COUNTY HOT-HATER CONVECTION SYSTEMS 


LOCATION 

TEMPERATURE ’C 

RESERVOIR ASSUMPTIONS 

ENERGY POTENTIAL 

Site 

site Name 


Surface 

Geochemical 

Mean, 

Volune 

Reservoir 

Wellhead 

Beneficial 

10 No. 


Site Location j 

1 


BHT 

)us^ 

thermal 

thermal 

Haat 


i 


1 


PT 


energy 

(10^®J) 

energy 

(lO^^J) 

(10^®J) 




(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

1601 

Hill's Warm Sprinq 

Sec. 18. 44N-20E 

28* S 


42* PT 

1 

U7S1 

6To2 

oTifei 

1602 


Sec. 4. 42N-19E 

22* S 



1 

6.65 

5T3I 

6.664 

1603 


Sec. 7. 38N-18E 

Hot S 


ItUtiBI 

1 

0.08 

0.02 

0.005 

1604 

1 Leadville 1 

Sec. 97.37N-23E 

Warn J 


43" PT 

1 

0.08 

0.02 

0.005 

1605 1 


Sec. 18. 34N-22E 

29* S 


44" PT 

1 ! 

0.08 

0.02 

0.005 

1606 

Hard's (Fly Ranch) Hot 

Sec. 1, 34N-23E 

BE3£I 

99" (D) 


4.4 i 1.3 


0.28 

0.067 


Springs 



100" ( J) 










126" (A) 






1607 

Wall Spring 

Sec. 3. 32N-21E 

Harm S 


50" PT 

1 

0.09 

0.02 

0.006 

1608 

Gerlach 

Sec. IS. 32N-23E 

Boil S 

158" (C) 

HEUSiU 

3.3 i 0.9 

■ifntai’ttHi 

0.36 

0-006 








■■■■■■■ 

bhmbm 

mihbhbbi 


1 



205" (I) 





1 

1609 

1 Buffalo Spring 

Sec. 67.31N-20E 

Harm S 


50" PT 

1 

0.09 

0.02 

W!!MBM 

1610 


Sec. 27.29N-19E 



50" PT 

1 

0.09 

0.02 

0.006 


Desert 









1611 

San Emidio Desert 

Sec. 9, 29N-23E 

Boil W 

125" 


BinunFi 


0.40 

0-096 





185" (A) 



HMBBHHB 







189" H) 



1 n 



1612 


Sec. 26, 2'7N-23E 

86* S 


129" PT 

L5 


0.12 

0.028 

1613 

Fish Spring 

Sec. 19, 26N-19E 

23“ S 


35* PT 


^Kioa 

0.01 

0.003 

1614 

The Needles Roc)cs 

Sec. 6, 26N-21E 


115" (D) 


imyESBI 


0.24 

0.058 





116" iM) 

116* BHT 









137" (C) 






1615 

Anaho Island 

Sec.l6?,24N-22E 

49* S 


74" PT 

1.5 

0.24 

0.06 

0.014 

1616 


Sec. 7, 22N-21E 

43* W 


I^BBSM 

1 

0.14 

0.03 

O.OOS 

1617 

Kssnsssmammmm 

Sec.21?,21N-24E 

Warm S 



1 

0.14 

0.03 

0.008 

1618 

1 Wedekind Mine I 

Sec.2G, 20"-20F. 

Hot HW 


ISiSS3M 

1 

0.14 

0.03 

0.008 

1619 


Sec. 13, 19N-18E 

60" H 


90" PT 

1 

0.20 

0.05 

0.012 

1620 

1 Verdi I 

Sec. 17, 19N-18E 

26" H 


1 39* PT 

1 

0.06 

0.02 

0.004 






bbmmi 

MMMMBBM 

mmhb^^b 

mbmbi 


IHHI 


■■■■■■■■■ 

— 1 

MB— 

MBMBB 

■MMMBMI 

BBBBBBW 

bbmmm 



Footnotes 1 thru 7 - See Explaivation Page 
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TABLE 


II 


WASHOE 


P»9a 2 


COUNTY HOT-WATER CONVECTION SYSTEMS 


LOCATION 

TEMPERATURE *C 

RESERVOIR ASSUMPTIOWS 

ENERGY POTEMTIAL 

Site 
ID No, 

Site Kane 

Site Location 

Surface 

(1) 

Geochemical 

(2) 

Mean, 

BUT 

PT 

(3) 

Volume 

k»^ 

(4) 

Reservoir 

thermal 

enerw 

(10*®J) 

^(5) 

Wellhead 

tbemal 

«>«rey 

(10^®J) 

(6) 

Beoeficial 

Heat 

(lO^^J) 

(7) 

1621 

Hoana 

Sec. 26, 19N-19E 

96» W 

96* (M) 

116“Il4“ 

8.8 t 1.8 

2.4 * 0.6 

0.60 

0.144 





96» (M) 










155* (A) 






1622 

Steaaboat-Huf faker 

Sec. 32, 18N-20E 

179* H 

186» (M) 

200“*5“ 

29 * 12 

14.4 I 5.9 

3.6 

0.86 





207“ (I) 










207* (K) 






1623 

Pleasant Valley 

Sec. 7, 17N-20E 

38* W 


^2“ PT 

1.5 

5715 

6.64 

6.009 

1624 

Bower's Mans ion (Frank- 

Sec. 3, 16N-19E 

48* S 


■)2* PT 

1 

6.15 

6.04 

0.009 


town) Hot Springs 









1625 

New Washoe City 

Sec. 6, 16N-20E 

26* W 


i9“ PT 

1 

0.06 

0.02 

0.004 



















































































































































































































Footnotes 1 thru 7 - See Explanation Page 
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TABLE II WHITE PINE CO(MTy HOT- Wf TER COKVECTIOH SYSTEHS 


LOCATION 


Site Name 


TEMPERATURE “C 


Site Lccation Surface Geochemical Mean, 


RESERVOIR ASSUMPTIOKS 


EMERGE POTENTIAI, 


Volume 


Re»ervoir 

thermal 


Wellhead Beaaficlal 
thermal Heat 


Collar and Elbow Sprin 


Shell Oil Co. Steptoe 


Unit Ho. 1 Well 


Becky Peak 


Cherry Creeic (Younq's) 


Hot Springs 


Sec. 33, 26N-65E 


Sec. 19, 24H-64E 


(10i®J) 

<7> 


0.006 


0.003 


Northern Spring Valley 


Giocoechea (Simonsenl 


Warm Springs 


Shellbourne Springs 




Goodrich) Springs 


Kern Mountains 


Caapbell Ranch (North 


Group) Springs 


McGill, Schoolhouse Warm! Sac. 21, I8N-64E 


Springs 


Lackawanna, Ely Hot Sp&, I Sec. 3, 16N~63E 


Big Blue Spring 1 Sec. 23, 14N-56E 


Williams Hot Springs 






Sec. 2, 12N-67E 


Sec.22?,llN-65E 


Sec. 33. 10N-7QE 



Footnotes 1 thru 7 - See Explanation Page 
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Footnotes to TABLE II. County Hot-Water Convection Systems 


(1) This is the maximum reported temperature from a spring (S) ; 

drill hole or well (W) ; or mine working (MW) . Deep exploratory 
geothermal and petroleum well temperatures are reported as 
bottom hole temperatures (BHT) in column six. 


(2) All geochemical temperatures are those of the U.S. Geological 
Survey, as published in Circulars 726 and 790. For those 
sites where three temperatures are given, the first is the min- 
imum likely value, the second is the most likely value, and 
the third is the maximum value. Letters indicate the method 
used to estimate the temperature: 


A. Quarts 

B. Quartz conductive, pH-corx-ected 

C. Quartz adiabatic 

D. Chalcedony 

E. Chalcedony, pH-corrected 

F. Cristobalite 

G. Amorphous silica 

H. Na-K 

I. Na-K-Ca 

J. Na-K-Ca, Mg-corrected 

K. Sulfate-wate^ isotope 

L. Surface 

M. Reported well 

N. Mixing 

O. Renner, 1976 

P. Assumes saturation of Si02 with respect to quartz. 


(3) The mean reservoir temperatures are those calculated by the U. 
S. Geological Survey (Brook et al., 1979). The bottom hole 
temperature (BUT) has been taken as the reservoir temperature, 
only for deep geothermal or petroleum exploratory tests. 


A-262 


Most of the geothermal sites are in the low to moderate temp- 
erature range, well below that which is presently necessary 
for electrical power generation. Reservoir data (temperature 
and volume) is not available for any of these sites. In order 
to provide an estimated reservoir thermal energy for each site, 
a planning temperature (PT) was calculated for each site which 
does not have a U.S.G.S. mean temperature or a bottom hole 
temperature. A planning temperature was calculated by in- 
creasing the surface temperature by a multiple of 1.5 (e.g., 
surface temperature of 45®C x 1.5 = 69°C PT) , for each county 
with the exception of Clark. In Clark County, where the sur- 
face water temperatures are all very low, and the mean annual 
air surface temperature is high, a multiple of 1.25 was used. 

(4) The U.S. Geological Survey reservoir volumes have been util- 
ized for those sites which show a geochemical reservoir temp- 
erature. For those sites which do not have a U.S.G.S. estimate 
of volume, an estimate has been made using the parameters es- 
tablished by the Survey for minimum volumes. That is, "Inhere 
the only evidence of a reservoir of hot water is a single 
spring or well or group of springs in a small area, a minimum 
area of 1 km'^ and a maximum of 3 km V7ith a m')st likely area 
of 2 kra are assumed ... Because the estimates in this assess- 
ment involve thermal energy only to a depth of 3 km below the 
surface, the bottom of a reservoir in normally assumed to bo 
at 3 km unless there is evidence to nu'-g' ct a shallower depth 
...Otherwise, a minimum depth of 0.5 kr\, a maximum of 2.0 km, 
and a most likely depth of 1.5 km to the top of the reservoir 


A-263 


are assumed." (Smith and Shaw 1979) 


Closely following the aforeme tioned assumptions and those 
stated in more detail in the riginal text, the present study 
assumes a 1 km^ minimum reser oir volume, and a maximum 3 km^ 
reservoir volume for smaller .;ltes. The minimum volume is 
usually taken for those sites with surface water temperatures 
below 90®C, expecially in areis where high temperature reser- 
voirs are not now known. 

(5) Estimation of the reservoir thermal energy is derived from the 
product of assumed reservoir temperature (minus 15°C) , the 
assumed reservoir volume, and the constant, 2.7 J/cm^/^C. 

(See Brook, et al., 1979, p. 20). 

(6) Determination of hot-water geothermal resources involves the 

definition of a geothermal recovery factor, which is the ratio 

of geothermal energy recovered at the wellhead to the geothermal 

% 

energy originally in the reservoir. This factor is 25% for all 
hot-water reservoirs, 

(7) "Following the methology of Nathenson and Muffler (1975), the 
amount of the resource that could be directly applied to non- 
electric uses is calculated for systems of 90° to 150°C. This 
amount of thermal energy is called beneficial heat..." (See 
Brook, et al., 1979, p. 26). Beneficial heat is the product 


of the wellhead thermal energy and the beneficial heat utili- 
zation factor of 0.24. 

This calculation may be used to obtain beneficial heat for 
reservoirs above 150®C as well. According to Nathenson (per- 
sonal communication, 1979) this formula might be used for low 
temperature reservoirs, but with questionable results below 
about 40®C. In the absence of a better method this formula 
was applied to all geothermal reservoirs in this study. 
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TABLE III . POPULATION AND RESlDEHTIAL/(X»VffiRClAL ENERGY USE FOR 1975, 1965 , 2000 aad 2020 
(TOTAL ENERGY USE ANO POTENTIAL GEOTHERMAL SPACE AND HATER HEATING) 


RCSIDENTIAL/aMlEACIAL 
ENERGY USr 


POTSMTIAL GBOTHBIMAL 
SPACE AND HATER HEATIMC 



































































































































































































































POPULATION AMr> kiiSIDONTIAL/COMHEKClAL ENfWGlf II.. E I\>R I'jTS, I'Joi, 2000 *Bd 2020 
(TOTAL UILRGY USE AMU POTE'.rl'L GEOTHERMAL SPACl. MUj WATER HEATIMGJ 
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TABLE 


POPUIATION AND RESIDENTIAL/COHMERCIAL ENERGY USE FOR 1975, 1985 , 2000 and 2020 
(TOTAL ENERGY USE AND POTENTIAL GEOTHERMAL SPACE AND WATER HEATING) 


riTY/ENERGY 
USE SITE 

POPULATION 


RESIDENTIAL/COMMERCIAL 
ENEK3Y USE 

POTENTIAL CEOIWRMAL 
SPACE AND VIATBR HEATING 


1970 

1975 

1985 

2000 

2020 

1975 

1985 

2000 

2020 

1875 

1985 

2000 

2020 














ESMERALDA 

629 

700 

1,018 

1,298 

1,628 

0.05^ 

o.o7o 

6.683 

0.104 

0.039 

0.049 

0.058 

0.073 

Coaldale 

35 

35 

35 

35 

35 

0.003 

0.003 

0.003 

0.003 

0.002 

0.002 

0.002 

0.002 

Dyer 

10 

10 

10 

10 

10 

0.001 

0.001 

0.001 

0.001 

0.001 

0.001 

0.001 

0.001 

Goldfield 

IBS 

206 

299 

382 

482 

0.016 

0.021 

0.024 

0.031 

0.011 

0.015 

0.011 

0.022 

Sliver Peak 

150 

167 

243 

310 

391 

0.013 

0.017 

0.020 

0.025 

0.009 

o.oli 

0.0l4 

o.oiO 















EUREKA 

948 

1,100 

1,392 

1,707 

2,093 

0.088 

0.096 

0.113 

0.134 

0.006 

0.007 

0.008 

0.009 

Crescent 














Valley 

25 

25 

25 

25 

25 

0.002 

0.002 

0.002 

0.002 

O.OOl 

0.001 

0.001 

0.001 

Eureka 

500 

o 

CD 

734 

900 

1,104 

0.046 

0.051 

0.060 

0.071 

0.032 

0.036 

0.042 

0.050 















HUMBOLDT 

6,375 

7,100 

10,104 

14,690 

20,710 

0.559 

0.710 

0.956 

1.279 

0.391 

0.497 

0.670 

0.895 

Denio 

20 

20 

20 

20 

20 

0.002 

0.002 

0.002 

0.002 

0.001 

0.001 

0.001 

0.001 

Golconda 

200 

200 

200 

200 

200 

0.016 

0.020 

0.027 

0.036 

0.011 

0.014 

0.019 

0.025 

McDermitt 

200 

223 

317 

461 

650 

0.018 

0.022 

0.030 

0.040 

0.013 

0.015 

0.021 

0.028 

Orovada 

30 

30 

30 

30 

30 

0.002 

0.003 

0.004 

0.005 

0.001 

0.002 

0.003 

0.004 

Paradise 














Valley 

100 

111 

158 

230 

325 

0.009 

0.011 

0.015 

0.020 

0.006 

o.ooa 

0.011 

0.014 

Valmy 

50 

56 

79 

115 

162 

0.004 

0.006 

0.007 

0.010 

0.003 

0.004 

0.00& 

0.007 

Hinneaucca 

3,587 

3,995 

5,685 

8,266 

11,653 

0.315 

0.399 

0.538 

0.720 

0.221 

0.279 

0.37/ 

0.504 















LANDER 

2,666 

3,000 

3,519 

4,043 

4,697 

0.238 

0.245 

0.267 

0.283 

0.167 

0.172 

0.187 

0.198 

Austin 

300 

338 

396 

455 

529 

0.027 

0.028 

0.030 

0.032 

0.019 

0.020 

0.021 

0.022 

Battle Mtn. 

1,856 

2,089 

2,450 

2,815 

3,270 

0.166 

0.171 

0.186 

0.197 

0.116 

0.122 

0.130 

0.138 















LINCOLN 

2,557 

2,700 

3,451 

5,039 

7,102 

0.214 

0.245 

0.329 

0.432 

0.150 

0.172 

0.230 

0.3..2 

Aleuso 

250 

264 

337 

493 

694 

0.021 

0.024 

0.032 

0.041 

0.015 

0.01^ 

0.022 

0.029 

Caliente 

916 

967 

1,236 

1,805 

2,544 

0.077 

0.088 

0.118 

0.155 

0.054 

0.062 

0.083 

0.109 

Caselton 

40 

40 



“40 

40 

0.003 

0.003 

0.003 

0.003 

0.002 

0.002 

0.002 

0.002 

Hiko 

50 

50 

50 

50 

SO 

0.004 

0.004 

0.004 

0.004 

0.003 

0.003 

0.003 

0.003 

Panaca 

550 

581 

742 

1,084 

1,528 

0.046 

0.053 

0.071 

0.093 

0.032 

0.037 

0.050 

0.065 

Pioche 

700 

739 

945 

1,379 

1,944 

0.059 

0.06^ 

0.090 

o.iis 

0.641 

o.o47 

oToSJ" 

0.083 

Ursine 

SO 

50 

50 

50 

50 

0.004 

0.004 

0.004 

0.004 

0.003 

0.003 

0.003 

0.003 
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TABLE III . POPULATION AND RESIDENTIAL/COM;-lEhL'IAL ENEhGY USE FOR 197S, 1985, 2000 anJ 2020 
(TOTAL ENERGY USE AND POTENTIAL GEOTHERMAL SPACE ,V1D WATER HEATING) 


CITY/ENERGY 
USE SITE 


LYON 

Dayton 

Fernlev 

Silver Sps. _ 
Silver City _ 

Smith 

Wabuska 

Weed Height 3 
Wellington 
Yerinqton _ 

MINERAL 

Bcibbitt 

Hawthorne 

Luning 

Hina 

Schurz 

NYE 

Beatty 

Currant 

Duckwater 

Gabbs 

lone 

Lathrop 

Manhattan 
Pahrunp 
Round Htn. 
Tonopah 
Harm Spring 3 


POPULATION 


RESIDENTIAL/ COMMERCIAL 
ENERGY USF. 


POTENTiAL GEOTHERMAL 
SPACE AND HATER HEATING 


1975 

1985 

2000 

2020 





10,400 

67o55~ 

~57555“ 

10,271 

316 

245 

276 

312 

1.139 

882 

995 

1.124 

278 

216 

243 

275 

127 

98 

— nr 

125 

63 

49 

55 

62 

19 

15 

17 

19 

822 

637 

719 

812 

139 

108 

122 

137 

2,543 

1,969 

2,222 

2,511 





6,600 

7,551 

8,983 

10,935 

1,478 

1,691 

2,012 

2,449 

3,313 

3,790 

4,509 

5,488 

56 

64 

76 

93 

398 

455 

541 

659 

281 

321 

382 

465 





5,600 

7,071 

9,285 

11,931 

900 

1,137 

1,492 

1,918 

10 

10 

10 

10 

20 

25 

33 

43 

874 

1,104 

1.449 

1.862 

20 

20 

20 

20 

175 

221 

290 

373 

30 

30 

30 

30 


631 

829 

1,065 

126 1 

166 

213 


g ,167 

2,846 

3,657 


25 

25 

25 


0.064 

0.070 

0.063 

0.016 

0.017 

0.015 

0.007 

0.008 

0.007 

0.004 

0.004 

0.004 

0.001 

0.001 

0.001 

0.046 

0.051 

0.046 

0.008 

0.009 

0.008 

0.143 

0.156 

0.140 




0.585 

0.669 

0.365 

0.131 

0.150 

0.1.32 

0.294 

0.336 

0.183 

0.005 

0.006 

0.003 

0.035 

0.040 

0.022 

0.025 

0.028 

0.015 




0.606 

0.743 

0.309 

0.097 

0.119 

0.050 

0.001 

0.001 

0.001 

0.002 

0.003 

0.001 

0.095 

0.116 

0.048 

0.002 

0.002 

0.001 

0.019 

0.023 

0.010 

0.002 

0.002 

0.001 

0.054 

0.066 

0. 027 

0.011 

0.013 

0.006 

0.186 

0.228 

0.095 

0.002 

0.002 

0.001 



0.016 

0.018 

0.020 




0.359 

0.424 

0.520 

0.056 

0.068 

0.063 

0.001 

0.001 

0.001 

0.001 

0.001 

0.002 

0.055 

0.067 

0.081 

0.001 

0.001 

0.001 

0.011 

0.013 

0.016 

0.001 

0.001 

0.001 

0.031 

0.038 

0.046 

0.006 

0.008 

0.009 

0.107 

0.130 

0.160 

0.001 

O.-Ol 

0.001 























































































































































































































































































TABLE 


//EHEK/ «S 


city/Energy 
Use Site 

Oistance to j Geothermal 

Occtiterrji 1 Gtte 

(knl 1 


2 * 0102 


1 J OlOl 


e 0101 


12 ! 0401 


12 

0402 


1 1 

lf20 


14 

1024 


17 

1002 


21 

1621 


22 

lt22 




CKUPCHILL 

r 

mjjjSjSjjjS 

Colli Sprirfl 

2S 

0205 


27 

0014 


n 

0204 



■■■IIH 



0214 


12 

0212 


17 

0215 





. 2 _,_ ___ 

0214 


IBiBnilll^^ 

0215 


12 

0216 

IHIIMIIBHIIIIBIIIII 

■■BH 

■HBHHIHHIi 


13 n 

0217 


27 

0216 

tallHHHHHBIHilll 

14 

r 0213 



■■■■■■■ 


UOl 

0212 

0210 






































































































































































































TKBIX IV. CO-LOCATIOH OF Cm/EMEBGY USE SITES AMD GEOTHERMAL SITES, BT COUHTT, NEVADA 
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TABLE IV 


CO-LOCATION OP CITY/EHERGY USE SITES AND GEOTHEBHAL SITES 


BY COUNTY 


NEVADA 


City/'Energy 
Use Site 

. 

Distance to 
Geothernal 

am) 

Geothensal 
Site 
ID Mo. 

Geothermal 

Site 

Msm 

Beneficial 
Heat Available 
(10^^ Btu) 

ELKO fCont.) 





Laaeille 

12 

0531 

Cold Cre^ 

8.5 


23 • 

0535 

Sulfur Hot Springs 

199.2 


27 

0530 

rnSC3S!?SSrsaBBBBHBBBi 

39.8 

■■■■■■■■■■ 







0535 

Sulfur not Springs 

wiEjammm 


31 

0530 

ESZXISS733E?nMBHHHBHHi 

39.8 


32 

0531 

Cold Croek 

8.5 

■HIHmilflHHBH 

ibihihhhhb 

imimiimB 



Hontello 

11 

0517 

Thousand Springs 



23 

0526 

Cobre 

9.i 


24 

0515 

Hell SE of Tony Mountain 

2.8 

■BBBHHHHIHi 


bhhhhhh 


utmmmmm 

Mountain City 

2 

0507 


6.6 


8 

0508 

Rizai Ranch Hot Spring 

6.6 


26 

0511 

Hild Horse Hot Spring 


[millHHBHHHi 


■iHiifiiiiiiiiim 


mmmmmmm 

owyb^ 

14 

0507 


6.6 


24 

0508 

Rizzi Ranch Hot Spring 

6e6 


40 

0504 

Tennessee Mountain 

7.6 

■buhhhhhhi 

ibbhbbhbh 





12 

0536 

Saith Ranch Springs 

1573 


27 

0535 

Sulfur Hot Springs 

T5575 


48 

0531 

Cold Creek 




HmuBimii 


■■■■■■■ 


16 

0516 

Petaini Springs 

57? 


16 

0519 

tsTESscss-nssammmmmmi^ 



17 

0513 


75.4 

■HBHHHHHHBli 

■IIIIIIIIIIIIIIIIIIIIIH 

UmBHHHHi 



Nells 

5 

0524 

Husifaoldt Hells 

93.0 


6 

0525 


8.5 


26 

0528 


4.7 
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TABLE IV . CO-LOCATION OF CITY/ENERGY USE SITES AND GEOTHERMAL SITES, BY COIBJTY, NEVADA 





























































































TABLE IV. CO-LOCATICW OP Cm/EtOU«SY USE SITES AMO CBOTHEMtAL SITES, BY COUHTT, NEVADA 


City/Energy 
Use Site 

Distance to 
Geothermal 
(kB) 

Geothenul 
Site 
ID No. 

GeotlierMl 

Site 

Bectef iciai 
Heat Available 
(10^^ Btu) 

HUMBOLDT {Cont.l 





(ImvAHa 

29 

0BI4 

Ouinn River Cross inc 

3.B 


38 

0B15 

Goodra-The Hot Sorlaa 

21.6 


39 

OoOi 

Cordero Mercury Mine 

17.0 






Paradise Valiev 

16 

0615 

Coodra-TtM Bot SmtIm 

21.1 


32 

0607 

Goo**f lAke Plat 

n.4 


34 

0616 

South PoiV 

11.4 






Valmv 

15 

0631 

Hot Pot (Bloc cil Hot Spcinqs 

50.3 


15 

0632 

Brooks Hot SiHriMi 

6.6 


20 

0630 

S>:lptMir Hot Sprinq 

6.6 






Hinneaucca 

3 

0625 

HimMSUcca Moutain 

3.B 


5 

0626 

Winn— j CCS 

2.8 


19 

0827 

Golcooda 

41.7 






LANraB 





Austin 

25 

0916 

Spencer Hot Springs 

44.6 


30 

0917 

Santa Pe Creek 

4.9 


31 

0913 

Petereon's Mill Hot Springs 

6.6 






Battle Mount Jin 

9 

0903 

Battle Mountain 

17.1 


23 

0902 

White Rock Springs 

17.1 


25 

0904 

Tiaiber canyon 

2.B 






LINCOLN 





Caliente 

2 

1009 

Caliente Hot Spring 

IB.O 


21 

1005 

Bennett's Spring 

2.B 


24 

1006 

Panaca (Owl) Wans Springs 

4.7 






Casef ton 

16 

1004 

Delnue's Spring 

2.8 


16 

1006 

Panaca (Owl) Warw Curings 

4.7 


19 

1005 

Bennett's Spring 

2.8 
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TKBLE IV. CO-LOCATIOM OF CITY/EMEBCY USE SITES AMD GBOTiKRHAL SITES, MI COOMTI, NEVADA 










































































T»BLE 


XKLOCATIOK OF Cm/E>IERGY USE SITES tMD GEOTHEKMAI, SITES, BY COOMTY, HEVMM 


City/En«rqy 
Use Site 

Distance to 
Geothermal 
<ka) 

Gootl)en»al 

Site 

10 tk>a 


Beneficial 
Heat Available 
(10^^ Btu) 

LYON (Cont.) 





WellitKiton 

2 

iioe 


9.5 


16 

1106 


20.9 


17 

1107 

' Wilson Hot Spiinqs 

Uri 





■■■■■■■ 

Yerinqton 

17 

1109 

Artesla Lake 

3.8 


20 

1104 

Wabuska Hot <:!>rinq= 

122.6 


21 

1106 

Hind's Hot St>tinqs 

20.9 






MINERAL 





Babbitt 

3 

1104 

Mabuska Hot Springs 

322.6 


29 

1109 

Aldrich Station 

7.6 


10 

1106 

Hind's Hot Springs 

30.9 






Hawthorne 

6 

1204 

Hawthorne 

56.9 


27 

1206 

Vttiiskey Plat 

7.6 


11 

1109 

Aldrich Station 

7.6 






Lunino 

19 

1205 

Sodavilie Springs 

6.6 


41 

1204 

Hawthorne 

56.9 


41 

1206 

Whiskey Flat 

7.6 






Hina 

5 

1205 

Sodaville Springs 

6.6 


42 

1206 

Whiskey Plat 

7.6 






Schurz 

11 

1201 

Double Spring 

6.6 


29 

0218 

Lee Hot Springs 



37 

1202 

Dead Horse Wells 

9.5 






NYE 





Beatty 

8 

1332 

Southern Sarcobatus Plat 

76. B 


17 

1314 

Steves Pass 

4.7 






Currant 

29 

1305 

Duckwater 

5.7 


31 

1112 

Eagle Springs 

36.0 


31 

1714 

WilliiuRs Hot Springs 

2.8 







CIO 
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TABLE IV . CO-LOCATIOM OF CITY/EMERGY USE SITES AND GEOTHERMAL SITES, BY COOMTY, 


City/Energy 
Use Site 



























































































T31BLE IV. CO-UXhTim OF ClTlf/EHEKIT USE SITES AKD GEOTJtERMAL SITES, »Y COOimf, ISEVSISA 


City/Energy 
Use bite 



Geothenal 

Site 

Kane 

"KiSnETil 

Heat Available 
(10^^ Btu) 

PERSHIMG 


^■■■■■■■11 


IBIHHHHHIi 

Inlay 

a 

1403 

Mill City 

4.7 


17 

1435 

Hoatxildt House *Rye Patch) 

104.4 


J1 

0829 

Mo. East Range 

4.7 



IIIIIIIHIIIIIIIIIIH 



Lovelock 

12 

1408 

Cblado 



2i 

140£ 

Gold Mountain 

BkeBBBI 


43 

1405 

Hunboldt House (Rye Patch) 

104.4 






Kill City 


mmmmm 


o 


23 


Uumboldt House 

_IM71 


2fc 

0829 

Ho. East Range 

ITJ 






srtowzY 





Gold Kill 

1 

1'02 

Constock Kitiiiig District 

SO 


£ 

ilQ2 

Sutro Tunnel 

3.> 



1103 

Dayton 

4.7 

■■■■■■■■■■■■ 




■lllllllllllll^^ 




CoMtock Hxnxnq District 

38.9 

■■MIIIIIIMHIIIIHI 



Suvfo Tunnel 

3.8 


9 

1103 


4.7 






WASHOE 





Eaoire 

7 

leoe 

Gerlach 



21 

1611 

San Eaidio Desert 

■II28MHBB1 


25 

1607 

Hall Sirring 

IlHBXUBHHBi 

ibhhbhihhhi 

JIIIIHIIIIIH 

bhhhhhhh 



Gerlach 

2 

1608 


81.6 


21 

1607 


5.7 


23 

_^L6Q6^ _ 


£3.6 





■HIIIHBHHIi 


3 

1625 


3.8 


5 

1623 


8.5 


£ 

1624 


8.5 













||||||||[[H 


mmmmm 


C-12 
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i 







































































































TABLE IV . CO-LOCATIOH OF CITY/EHERGY US 


City/Energy 
Use Site 

Oiatance to 
Geothermal 

Site (kB) 

Geotltenuil 
Site 
ID lio. 

WHITE PINE 



Baker 

28 

1716 

. 

36 

1718 




Ely/East Ely 

6 

1712 


22 

1711 

.. _ 

32 

1710 




Lund 

11 

1715 


21 

1714 


26 

1314 




McGill 

2 

1711 


14 

1712 


19 

1710 





fv 

cc 


Ruth 


n_ 

24 


1712 

1711 

1710 


SITES AND GEOTHEfiyAL SITES, BY COUMTY , NEVADA 


















































r 



footrotCK I thru P«'j^ 


J 


c r< 





























Footnotes 1 thru 6-see Explanation Page 


CIT!f/LhEK<iy Cat SITt FOP IflOCSTPIAC ihCTOP 
CARSOH CITY - page 2 
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TAnLi: V 


t.H; H'lY list, fcy CITY/EHE«.JY U:iE EITil t«H TNUEiTRIAL ELCTOR 


> 


CLARK 


City /Energy 
Uee Site 

(1) 

SIC 

No. 

(2) 



Starvlard Annual 
Energy Use (SAE) 
10^“ KJ/yr. 

(5) 

Energy 

Use 

10^° KJ/yr. 
(6) 

No. of 
Fimui 

Ko . of 
Eai-loyc-es 

Mo. of 
Firms 

No. of 
Ea^iloyucs 

Las Veqas 

20 

11 

156 

19 

565 


57155 


2013 

1 

17 



Tun 



2048 

1 

5 



n555 



2051 

3 

27 



0.949 



2086 

1 

40 



1.022 



2097 

2 

37 



0.082 



2099 

3 

30 



1.444 











22 

1 

30 

3 

33 


2.584 


2211 

1 

30 



10.337 











23 

3 

21 

11 

63 


0.620 


2391 


17 






2392 


2 



051 



2394 

■■■■IIIIEll 

2 






bhihi 



IIBHHHHHI 


IIIIIIIIIIIIBIHHHHHH 



24 

7 

438 

26 

417 


HHIBmiBBHi 


2411 

1 

17 






2431 

1 

17 



0.295 



2434 

4 

216 






2439 

1 

188 














25 

5 

35 

11 

55 


0.492 


2515 

3 

26 



0.331 



2521 

1 

2 



0.300 



2542 

1 

7 



0.922 











26 

2 

14 

2 

11 


0,160 


2647 

1 

7 






2649 

1 

7 



1.529 











27 

23 

241 

66 

1172 


8.504 


2711 

2 

82 



0.195 



2721 

2 

. 9 



0.085 



2731 

2 

24 



0.209 



-2211 

L- 

2-1 






Footnotes 1 thru 6-see Explanation Page 


D-4 


















































































































































TABLE V 


EHKBGY USE hY ClTi/EHi-MX USE SITE ECk IKIJUSTKIAL SECTOk 

cuunc - p« 9 « 3 



D-6 


Pootnot«s 1 thru 6-se« Explanation Page 


< 


































































lABLt: V 


USE VI cvtt u.;l sm. lof !mdujti;ial sector 

DOUGLAS 


City /Energy 
Use Sits 
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TAliLE _V U^E h't CITi/i Ktnut Oi>fc S.1.E t ~M INUiSThlAL SEsTTC^K 

HWttOCK' 


City/Encrgy 
Use Site 

(1) 

SIC 

No. 

(2) 

Industrial 
Directories (3) 

Nevada De{ar taunt 
of Captoyawnt Security (4J 

Standard annual 
Kaer^ Us* (SAK) 
10*“ KJ/yr. 

(5) 

teerqty 

Use 

1©3® f'yt. 
<8. 

Ho. of 
Plnu 

No. of 
Eaployees 

No. of 
Fines 

llOe of 

WlniuMucce 

20 

3 

21 

■■" "S 

508 


4.750 



1 

17 

■hbbhhhii 

■■■■■■■■■ 

HIHHEXTTBHHBii 



2052 

2 

4 



2.881 





bbhhhh 






27 



3 

18 

(oajo] 

0.094 1 

lUBBIBiHH 

hhhhi 


bbhhhhi 

bhhhbhhi 



■■■■■■■■ 


32 

1 

18 

1 z 

_ _18__ 




3273 

1 

18 


IHHHIHHHIl 

0.007 

.003 


■■■■■ 


■■■■■I 




■■■■■■■■I 


35 




4_ _ _ 

ILJ»7) 

__ Q.095 j 

■■llllilIBHHHIi 

Hi^HH 


iHimniinii 

{■■HIlIBHHi 


ibi^hhhbbhbhi 

■■■■■■■■ 


38 



1 

40 

(2.0WJ 

1.099 























































































































































” TOTM. ioJJ 

8.041 







- 1032 

rx 0.057 


































D“9 

rootnotas 1 thru 6-sm Expluuitlon Pa/jt 




























TA;.LS IJitKfiY t:£.K hr (:ITY/1J4J«GY Slli; Et^ IhWJSVKIAL StXTOK 

lAMDKR 




(a) Industry of unknown site location! 
Footnotes 1 thru 6-see Explanation Fa 9 e 


100% to Battle Mountain 
D- 10 


<. O' 

































TAbLt V UbE k)C CITY/E’.EAGV USE SIVE I -k I* UJSTHAL SLiriOh 


City/Enerqy 
Use Site 


Hulti-Site (a) f 20 


Industrial 

Directories (3 ) 

Ho. of Ho. of 

Firms Eai>loyees 


Nevada Department 
of Employment Sotwiity (4) 
l!o. of 1 No of 
Firms Employees 


Standard Annual 
Energy U>* (SAE) 
10^^ KJ/yr. 

(5) 

(1.77T) 

(2.0J2) 


Yerington 


(3.130) 


(5.569) 


(1.324) 


(2.611) 


(0.349) 


1,088.606 


TOnu. 10^ 


(a) Industries of unltrxwn site location; assirme 504 to Fernley and 50% to Yerington. 
Footnotes I thru 6-see Explanation Page D-12 


2 .. >'S>E Clr//IU.i.x;Y LS£ £1-L t '> Il^STIiLAL bLCTOIt 

Kiirauu:. 


Clt//Enerqy 
Use Site 



Ir^u&trial 
Iii.rectori.es (i) 


No. of Ho. of 

Firsu Eai.ioyoeL 


Uevsds Dc{.sruv^r,t 
of re^loyMnt iecorit/ U) 


Mo. of No. of 
Pinss E»l>loy««s 


Sts;fL.srd Arx.uel 
tr^rj-f Us* (SAC) 
K.rj n/w^ 



(e) Industries of unicnown site location; assuae 50% Uawtborsc. 2St Mina, and 25% Luaiog. 
Footnotes 1 thru 6-se* Explanation Page &-lJ 
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TABLE _j; ENLRGY USE hi CITY/EMERGT USE SITE EOft IIIDUSTRIAL SECTOR 

HYE 


City /Energy 
Use Site 

(1) 

SIC 

No. 

(2) 

Industrial 
Directories (3) 

Nevada Deiiartnant 
of Employment Security (4) 

standard Annual 
Eiiergy Use (SAE) 
10^0 lU/yr. 

(5) 

Eoftrgy 

UM 

10^0 KJ/yr. 
(6) 

No. of 
Firms 

No. Of 
E»SE>loyees 

No. of 
Firms 

No. of 
Employees 

Hulti-Site (al 

23 



1 

21 

<0.55l) 

572JJ7 1 


hhhih 

ibhhbh 

mminBii 



bbhh^bhhhh 



29 



1 



HIHKXLiiiLJHHHi 

■bhhh^bhih 


mum^min 




miiiiiiimmiiiiiini[i 




. 


1 

6 

(5.569) 

0.BS7 


■■■■■ 






























2.932 








vr 0.028 




bihhhh 

bhihbhhii 

hibhbhhh 


HHHHHIHHHI 

Tonopah 

2711 

1 

6^ 

1 

6 

0.195 

0.047 


























hhhi^i 


hh^bihh 




0.047 







- lol2 Btu/ 

vr 0.045 






















































































































$ 




































(a) Industries of unknown site location; assiase 100% to Tonopah 
Footnotes 1 thru 6-see Explanation Page D-l< 























TAULt; _v_ USE bY CITY/UitJ-J^y Ua‘. Sl-Jt i OK INIX.^IKIAL U'.jOfc 

1>BR5HIMG 


City/Ent-rqy 
Ube Site 

U) 

SIC 

Mo. 

(2) 

Industrial 
directories <3) 

Nevada bc{-rrt»cnt 
of Eihployacr.t Security (4) 

Staiidard Arauial 
Energy Use (SAE) 
10^^ KJ/yr. 
iS) 

Energy 

Use 

10^0 lU/yr. 
(6) 

No. of 
Pirns 

1i<t. of 
EBr'l<^yees 

No. of 
Pirns 

■rg|Q||||||M 

Multi-Site (a) 

20 



1 

24 

(1.775) 

OSI 










24 



2 

10 

(2.032) 

1.016 










27 



1 

5 

(0.136) 

oT(^ 




imiHBHHi 

imiiimBmui 


■■■■■■■■■■■ 

■■■■■■■■ 


34 



1 

6 

rrm?] 

sns5 










35 



1 

4 

(1.067) 

0.09S 


























































































































• 













































TTWAL 10^3 j/vi 

2.064 







» 10^^ fttu> 

VT O.Olf 










































(a) Industries of unknown site location; assuM 100% to I>ovelock. 
Footnotes 1 thru 6 -see Explanation Page j, .5 
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TABLE ^ •‘I;i.k;\ use LY CITY/ENtKiiY USE SITE EfjR ItIDUSTRIAL SECrOH 

HASHOE - {>age 2 


City /Energy 
Use Site 

U) 

SIC 

No. 

(2) 

Industrial 
Directories (3) 

Nevada De{.artmunt 
of Ea^loymcnt Security (4) 

Standard Annual 
Eiicrgy Use (SA£) 
10^0 IQ/yr. 

(5) 

Energy 

Use 

1030 KJ/yr. 
(6) 

No. of 
Firms 

Ho. of 
Employees 

No. of 
Firms 

No. of 
Employees 

Reno/Sparks 

28 

3 

89 

9 

182 


mmi3E£mmm 

(Cont. ) 

2819 

1 

7 



126.576 



2821 

1 

75 



73.836 



2891 

1 

7 



3.185 


ibbhhhbhhi 

bbhih 








29 



3 

16 

(2.743) 

0.636 j 


mmn 






IBIHHHHHHHI! 


30 

4 

74 

13 

353 


4.278 


KESBH 

4 

74 



0.812 


^bhhhhhhi 



ibhhhhb 


immBHiHHi 

bhhhhhhhih 



3111 

1 

2 







IBBHHI 





HHHlHHBHHBHIi 



32 

8 

466 

20 

536 


-- i 


3231 

2 

192 



OSI 

||||■|||[|[|[||||||HI||^^ 


3271 

2 

50 



1.403 



3273 

2 

200 



0.007 



3281 

1 

7 



0.074 



3293 

1 

17 



0.949 











33 

1 

7 

6 

24 

(11. -^04) 

Li72 


3399 

1 

7 














34 

13 

545 

31 

792 




3432 

1 

7 



1.245 



3441 

1 

75 



0.686 



.3443 

2 

42 



029 



3444 

1 

17 



0.439 



34S1 

2 

19 



0.239 



3463 

1 

175 






3471 

2 

9 



0.643 



3479 

1 

2 



0.697 



3494 

1 

175 



3.280 



3499 

2 

24 



0.415 











35 

19 

474 

37 

1066 


29.741 


3537 

2 

182 






Footnotes 1 thru 6-see Explanation Page 
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<■ V*' 























































TABLE _V_ ENERGY USE BY CITY/ENEBC.Y USE SITE POK ItnXJSTRl/iL SECTOR 

HASUOe - page 3 
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I 




TABLC EHEHGY UEK HY CITY/ENthCY USE SITE Ff* 1.4UUS" 

HASHOE - p«9« * 


City/Enargy 
Use Site 

(1) 

SIC 

Mo. 

(2) 

Industrial 1 

Directories (3) | 

1 Nevada De^iartsient 

1 of Esiploynumt Security (4) 

No. of 
Finns 

No. of 
Enployecs 

No. of 
Firms 

No. of 
Employees 

Incline Village 

3911 

1 

7 
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Footnotes 1 thru 6-see Explanation Pa 9 e 




SECTOR 


Standard Annual 
Energy Use (SAE) 
10^° KJ/yr. 

(5) 

Energy 

Use 

1C)10 KJ/y, . 

(4) 

0.118 

57SS 











— iiiifTm 

OH 


yr 0.000 























































1 HHlHHHHHiHHH 

■— —1 


J 
































< ot' 


















Footnotes to TABLE V Energy Use By Clty/Energy Use Site For 

Industrial Sector 

<1) City/Enorgy Use Site for the purposes of this study is the 
county or a coiwaunity within the county for which there is 
a record of the presence of Industry for SIC categories 20 
through 39. 


(2) The Standard Industrial Classification Code categories cover- 
ed in this study are major groups 20 through 39 i 

20 Food and kindred products 

22 Textile mill products 

23 Apparel and other finished products made fr«n 
fabrics and similar materials 

24 Lumber and wood products, except furniture 

25 Furniture and fixtures 

26 Paper and allied products 

27 Printing, publishing, and allied industries 

28 Chemicals and allied industries 

29 Petroleum refining and related industries 

30 Rubber and miscellaneous plastics products 

31 Leather and leather products 

32 Stone, clay, glass and concrete products 

33 Primary metal industries 

34 Fabricated metal products, except machinery 
and transportation equipment 

35 Machinery, except electrical 

36 Electrical and electronic machinery, equipment, 
and supplies 

37 Transportation equipment 

38 Measuring , analyzing, and controlling instruments; 
photographic, medical and optical goods; watches 
and clocks 

39 Miscellaneous manufacturing industries 


Major groups of particular interest in Nevada , but not specifically 
isolated, are: 

10 Metal mining 

14 Mining and quarrying of nonmetal lie minerals, 
except fuels 

42 Motor freight transportaion and warehousing 

50 Wholesale trade - durable goods 

51 Wholesale trade - nondurable goods 


A-3CT7 


(3) Wh«r* over possible 4-dlglt SIC numbers were obtained frcMB 
industrial directories for the State of Nevada , the Greater 
Las Vegas Area« Reno/Sparks, and Carson City. Except for 9120 -* 
graphically isolated mining and milling operations which are 
present in all counties, nearly all Industrial activity is 
IcKsated in the aforementioned metropolitan areas. 

The industrial directories are complete, only to the extent 
of each individual firm's response to a mailed questionnaire. 

A total of 131 4-digit industrial categories has been recorded 
for Nevada. 

(4) A list of the total number of firms and the aggregate total 
number of employees for each 2-digit SIC category establishes 
a realistic county by county tabulation of the industrial 
sector. Statewide the directories list only 37% of the estab- 
lishments and 42% of the employees (see Table VI Comparison of 
Listed Number of Establislmients and Employees in Industrial 
Directories and the Records of the Nevada Department of Employ- 
ment Security) . 

The proprietary nature of this data did not allow the Nevada 
Department of Employment Security to release data on a 4-digit 
level. Nor was the 2-digit data available on a community or 
site specific basis. 
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(5) The Standard Annual Energy Use <SAE) in 10^® Kil/year, is the 
quantity of energy used by an average size establishment of a 
specific 4-digit SIC industry (S.E.R. I. data provided by 
Western Energy Planners, Ltd.)* An average size establish- 
ment was calculated for each 2-digit SIC major group (rather 
than 4-digit) from statistics published in the U.S. Department 
of Commerce, Census of Manufacturers (1972), volume 1, Subject 
and Special Statistics. SAE values were available for 78% 
o£ the 4-digit SIC categories. 


(6) A methology was developed which incorporated the imcomplete 
4-digit and 2-digit SIC employee, establishment, and energy 
statistics, to provide industrial energy use data for specific 
city/energy use sites. In declining order of preference, the 
SAE (in 10^® KJ/year) for each 2-digit major group for a site 
was established as follows: 

(a) Industry at the site had a listed 4-digit SIC number 
and a con esponding SAE value. 

(b) When 4-digit SIC numbers were lacking or partially 
lacking for industry at a site, a weighted average 
of all 4-digit industries v;hich were known for the 
site were taken. The corresponding weighted SAE 
value was used. If no other 4-digit SIC numbers 
were known for the site, then a weighted SAE value 
was calculated from corresponding data within that 
county, the State, or lastly the National level. 

(c) With an SAE value for each 2-digit major group es- 
tablished, that energy value is multiplied times 
the ratio of the actual number of employees within 
this major group at the site, to the number of em- 
ployees for the average establishment in the major 
group, ^ The product is the energy used at the site 
in lolO KJ/yiar. 


TABLE VIII GEOTHERMAL PENETRATION OF RESIDENTIAL/COMMERCIAL 

BY COUNTY AND CITY FOR 
1975. 1985, 2000, and 2020 (10l2 Btu) 



CAPTURE 

1975 

1985 

2000 

2020 

CARSON CITY 

M 


0.027 

0.198 

2.001 


CHURCHILL 

H 

0 

0.011 

0.053 

0.437 

Cold Spring 

0 

0 

0 

0 

0 

Fallon 

H 

0 

0.003 

0.015 

0.123 

Fallon N.A.S. 

H 

0 

0.001 

0.005 

0.043 

Frenchman 

0 

0 

0 

0 

0 

Hazen 

M 

0 

0 

0 

0 


CLARK 

L 

0 

0.130 

0.822 

8.070 

Boulder City 

L 

0 

0.003 

0.019 

0.190 

Blue Diamond 

0 

0 

0 

0 

0 

Boulder Beach 

0 

0 

0 

0 

0 

Bunkerville 

L 

0 

0 

0 

0.002 

Cottonwood Cove 

0 

0 

0 

0 

0 

Echo Bay 

0 

0 

0 

0 

0 

Glendale 

0 

0 

0 

0 

0 

Goodsprings 

0 

0 

0 

0 

0 

Henderson 

L 

0 

0.008 

0.048 

0.473 

Indian Springs 

L 

0 

0 

0.001 

0.009 

Jean 

0 

0 

0 

0 

0 

Kyle Canyon 

0 

0 

0 

0 

0 

Las Vegas 

L 

0 

0.127 

0.803 

7.887 

Lee Canyon 

0 

0 

0 

0 

0 

Logandalc 

L 

0 

0 

0.001 

0.014 

Mesquite 

0 

0 

0 

0 

0 

Moapa 

0 

0 

0 

0 

0 

Nelson 

0 

0 

0 

0 

0 

Overton 

0 

0 

0 

0 

0 

Overton Beach 

0 

0 

0 

0 

0 

Searchlight 

0 

0 

0 

0 

0 

DOUGLAS 

L 

0 

0.005 

0.027 

0.247 

Gardnerville 

L 

0 

0.001 

0.004 

0.032 

Genoa 

M 

0 

0 

0.001 

0.008 

Glenbrook 

0 

0 

0 

0 

0 

Minden 

L 

0 

0 

0.002 

0.014 

Stateline 

0 

0 

0 

0 

0 

Topaz I.ake 

0 

0 

0 

0 

0 
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TABLE Cont. - page 2 
VIII 



CAPTURE ^ ^ ) 

1975 

1985 

2000 

2020 

ELKO 

H 

0 

0.015 

0.083 

0.733 

Carlin 

H 

0 

0.001 

0.008 

0.069 

Contact 

H 

0 

0 

0 

0 

Dccth 

0 

0 

0 

0 

0 

Elko 

H 

0 

0.008 

0.045 

0.401 

Hal leek 

0 

0 

0 

0 

0 

Jackpot 

M 

0 

0 

0.002 

0.017 

Jarbidge 

L 

0 

0 

0 

0 

Jiggs 

0 

0 

0 

0 

0 

Lamo i 1 1 e 

0 

0 

0 

0 

0 

Lee 

0 

0 

0 

0 

0 

Montcllo 

L 

0 

0 

0 

0 

Mountain City 

L 

0 

0 

0 

0.001 

Owyhoo 

0 

0 

0 

0 

0 

Ruby Valley 

L 

0 

0 

0 

0.001 

Tuscarora 

L 

0 

0 

0 

0.001 

Wells 

M 

0 

0.001 

0.004 

0.038 

ESMERALDA 

L 

0 

0 

0.001 

0.01 0 

Coaldale 

0 

0 

0 

0 

0 

Dyer 

0 

0 

0 

0 

0 

Goldf iold 

0 

0 

0 

0 

0 

Silver Peak 

M 

0 

0 

0.001 

0.005 

EUREKA 

L 

0 

0 

0.002 

0.01 3 

Crescent Valley 

M 

0 

0 

0 

0 

Eureka 

0 

0 

0 

0 

0 

HUMBOLDT 

M 

0 

0.005 

0.028 

0.251 

Den i o 

0 

0 

0 

0 

0 

Golconda 

H 

0 

0 

0.001 

0.011 

McDermi 1 1 

L 

0 

0 

0 

0.004 

Orovada 

0 

0 

0 

0 

0 

Pai'adise Valley 

0 

0 

0 

0 

0 

Va liny 

L 

0 

0 

0 

0.001 

Winnemucca 

M 

0 

0.003 

0.016 

0.142 

LANDER 

L 

0 

0.001 

0.004 

0.028 

Aur.ti n 

0 

0 

0 

0 

0 

Battle Mountain 

L 

0 

0.001 

0.003 

0.019 
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CAPTURE 

1975 

1985 

2000 

2020 


LINCOLN 

H 

0 

0.003 

0.014 

0.128 


Alamo 

L 

0 

0 

0 

0.004 


Caliente 

H 

0 

0.001 

0.005 

0.046 


Caselton 

0 

0 

0 

0 

0 


Hiko 

L 

0 

0 

0 

0 


Panaca 

L 

0 

0 

0.001 

0.009 


Pioche 

0 

0 

0 

0 

0 


Ursine 

0 

0 

0 

0 

0 


LYON 

M 

0 

0.004 

0.017 

0.126 


Dayton 

0 

0 

0 

0 

0 


Fernley 

H 

0 

0.001 

0.003 

0.021 


Silver Springs 

0 

0 

0 

0 

0 


Silver City 

L 

0 

0 

0 

0.001 


Smith 

0 

0 

0 

0 

0 


Wabuska 

H 

0 

0 

0 

0 


Weed Heights 

0 

0 

0 

0 

0 

3 

Wellington 

L 

0 

0 

0 

0.001 


Yerington 

0 

0 

0 

0 

0 


MINERAL 

L 

0 

0.002 

0.009 

0.066 


Babbitt 

0 

0 

0 

0 

0 


Hawthorne 

L 

0 

0.001 

0.004 

0.033 


Luning 

0 

0 

0 

0 

0 


Mina 

0 

0 

0 

0 

0 


Schurz 

0 

0 

0 

0 

0 


NYE 

L 

0 

0.002 

0.009 

0.073 


Beatty 

L 

0 

0 

0.001 

0.012 


Currant 

0 

0 

0 

0 

0 


Duokwater 

L 

0 

0 

0 

0 

J 

Gabbs 

H 

0 

0.001 

0.004 

0.034 


lone 

0 

0 

0 

0 

0 


Lathrop Wells 

L 

0 

0 

0 

0.002 


Manhattan 

0 

0 

0 

0 

0 


Pahrump 

0 

0 

0 

0 

0 


Round Mountain 

0 

0 

0 

0 

0 


Tonopah 

L 

0 

0.001 

0.003 

0.022 


Warm Springs 

M 

0 

0 

0 

0 

' 


i 
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CAPTURE 

1975 

1985 

2000 

2020 

PERSHING 

M 

0 

0.002 

0.009 

0.073 

Imlay 

L 

0 

0 

0 

0.002 

Lovelock 

M 

0 

0.001 

0.005 

0.043 

Mill City 

L 

0 

0 

0 

0 

Unionville 

0 

0 

0 

0 

0 


STOREY 

M 

0 

0.001 

0.004 

0.035 

Gold Hill 

M 

0 

0 

0 

0.002 

Virginia City 

M 

0 

0.001 

0.003 

0.031 

WASHOE 

H 

0.006 

0.205 

1.332 

13.171 

Empire 

M 

0 

0 

0.002 

0.022 

Gerlach 

H 

0 

0 

0.001 

0.014 

New Washoe City 

L 

0 

0.001 

0.004 

0.036 

Nixon 

0 

0 

0 

0 

0 

Reno, Includes; 

H 

0.006 

0.169 

1.096 

10.837 

Sparks 
Steamboat 
Sun Valley 
Sutcliff 

0 

0 

0 

0 

0 

Verdi 

0 

0 

0 

0 

0 

Wadsworth 

0 

0 

0 

0 

0 


WHITE PINE 

L 

0 

0.002 

0.008 

0 

.048 

Baker 

0 

0 

0 

0 


0 

Ely/East Ely 

L 

0 

0.001 

0.005 

0 

.029 

Lund 

0 

0 

0 

0 


0 

McGill 

L 

0 

0 

0.002 

0 

. 010 

Ruth 

0 

0 

0 

0 


0 

(1) 










CAPTURE FRACTIONS 

(Z) 


Geothcarmal Potential 

(a) 

1975 

1985 

2000 


2020 

NIL 


0 

0 

0 


0 

LOW 


0 

0.50 

2.09 

14 

.05 

MODERATE 


0 

1.00 

4.18 

28 

. 10 

HIGH 


0 

1.50 

6.27 

42 

.43 

In 1975, very littl 

e geothermal 

energy 

was utilized 

1 outs 

ide o 

f 


the Truckee Meadows (Reno/Sparks) which had a capture fraction 
of approximately 1/8 of 1 percent (for Reno) . 
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